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Abstract
To review the inhibitory effect of preventive approaches on
recurrence after operation in patients with hepatocellular
carcinoma (HCC), we summarized all available publications
reporting randomized control trial indexed in PubMed. The
treatment approaches presented above included pre-
operative transcatheter arterial chemoembolization (TACE),
post-operative TACE, systemic or locoregional chemotherapy,
immunotherapy, Interferons and acyclic retinoic acid.
Although no standard treatment has been established,
several approaches presented promising results, which were
both effective and tolerable in post-operative patients. Pre-
operative TACE was not effective on prolonging survivals,
while post-operative TACE was shown with both disease-
free survival and overall survival benefits in some papers,
however, it was also questioned by others. Systemic
chemotherapy was generally not effective on prolonging
survival but also poorly tolerated for its significant toxicities.
Adoptive immunotherapy using LAK cells was proved to be
beneficial to patients’ survival in a recent paper. Interferon
α and Interferon β can inhibit recurrence in HCC patients
with HCV infection background, though the mechanism is
not fully understood. Acyclic retinoic acid was shown to
decrease multi-centric recurrence after operation, which was
reported by only one group. In conclusion, several adjuvant
approaches have been studied for their efficacy on recurrence
in HCC patients in randomized control trials; however, multi-
centric randomized control trial is still needed for further
evaluation on their efficacy and systemic or local toxicities;
in addition, new adjuvant treatment should be investigated
to provide more effective and tolerable methods for the
patients with HCC after operation.
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INTRODUCTION
Over the last two decades, the surgical techniques and peri-
operative care have been improved, and the operative death
(within 30 days after operation) decreased to 2.5 %[1], the 5-
year overall survival after curative resection of hepatocellular

carcinoma (HCC) increased to 25 %[1] or 46.7 %[2]. However,
HCC is far from a curable disease because of high recurrence
rate, the 5-year recurrence rate after curative resection was
38 %[1] and 61.5 %[2], the 5-year disease-free survival was
16 %[3] or 38.6 %[4] after curative resection of HCC, and the
recurrence resulted in most deaths after resection[5].
    People have tried a number of approaches to prevent
recurrence, however, only a few of them were designed as
randomized control trial (RCT), which provide evidence-based
results for those treatment modalities. In this paper, the authors
summarized those results from randomized control trials,
attempting to find a more suitable treatment modality for
prevention of recurrence.

IMPORTANT ISSUES RELATED TO EVALUATION OF
EFFICACY OF PREVENTION
It is difficult to compare the results among different RCTs
because of different study settings and patient collection;
therefore, several important issues should be addressed in
evaluation of efficacy of prevention of HCC recurrence.

The definition of “curative resection”
The most important issue is the definition of “curative
resection” of HCC, because, the definition will greatly affect
the recurrence rate. There is no consensus on this definition in
the literature. Some authors described it as “complete removal
of tumor tissues”[6]; others prefer to “complete removal of tumor
tissues plus a clear resection margin ≥1 cm on pathological
examination”[7]. And some authors used a strict criterion, in
which negative findings by angiography followed by Lipiodol-
CT and ultrasound one or two months after resection were
also included[8]. The 1 year disease-free survival was 43.0 %
by the first criteria[6], and 59.1 % by the second[7], and 69 % by
the third[8]. The different definitions of curative resection and
their results are listed in Table 1.

Bias in patient collection
The clinicopathological characteristics of patients enrolled in
a study also influence the results. For example, tumor size,
which was regarded as the age of tumor, affects the recurrence
rates and survival after operation, thereafter, has great impact
on the results (Table 1).

Origins of recurrence
The origin of recurrence can be divided into two sources, uni-
centric and multi-centric origins [9],  which could be
discriminated by genetic markers, such as HBV integration
sites[9,10] or p53 mutation types[11]. Uni-centric origin can also
be named as intrahepatic metastatic recurrence or residual
tumor, which means metastatic lesion spread from the primary
main tumor, and left in the remnant liver. However, multi-
centric recurrence is a newly developed lesion in the cirrhotic
background. Generally two kinds of recurrences can be roughly
divided according to the time of appearance. Twelve months[12]

or 3-years[13] were set as a parameter to distinguish them by
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different authors. A study may be needed to clarify the
percentage of uni-centric and multi-centric recurrence by
different set point.
     Most preventive procedures are targeting the metastatic
recurrence, which are used to control the residual tumor cells
in the liver. Therefore, 1, 2, 3-year disease-free survival or
recurrence rates are used to evaluate the efficacy of preventive
procedures targeting metastatic recurrence; however, if a
preventive procedure is targeting the multi-centric origin
recurrence, 3 or 5-year disease-free survival or recurrence rate
should be noticed.
     Table 1 showed the overall survival and disease free survival
are better when the tumor size decreases, and when a stricter
criteria for curative resection was applied. Therefore, when
evaluating a preventive treatment targeting residual tumors, it
is suggested that a subgroup of patient with more invasive HCC
should be enrolled. On the other hand, a subgroup of patient
with less invasive HCC or selected by stricter criteria for
curative resection should be recruited to investigate a
preventive treatment targeting secondary HCC appearance.

LITERATURE REVIEWS OF RANDOMIZED CONTROL TRIALS
(RCT) TO PREVENT RECURRENCE OF HCC
Pre-operative or post-operative TACE
TACE has been used to control the growth of HCC for a long
time[17]. Pre-operative and post-operative TACE were
investigated by RCT to clarify if it reduced the recurrence rate
after curative resection of HCC (Table 2).

     Wu et al have studied the effect of pre-operative TACE
(preTACE) on resetability and curability in management of
huge resectable HCC. Although preTACE induced tumor
shrinkage as expected, the shrinkage of tumor didn’t result in
an easy operation, on the contrary, the preTACE group had a
longer operative time, more blood loss, more extra-hepatic
metastasis, higher possibility of invading adjacent organs by
tumors and removal of adjacent organs; furthermore, the
disease-free survival (DFS) in preTACE group was not
statistically different with that in the control group, the overall
survival (OS) was even worse than that in control group. The
author suggested that preTACE delayed the resection, which
may leave tumor more time to develop intra-hepatic or distant
metastasis; in addition, preTACE can’t eliminate tumor cells
completely, therefore, preTACE  for resectable huge HCC was
not recommended[16].
      In another study by Yamasaki et al, the efficacy of preTACE
on small HCC was tested. The results confirmed that preTACE
induced necrosis in tumor, but the results demonstrated again
that it didn’t improve the DFS, because preTACE was not
capable to inhibit the intrahepatic micrometastatic lesions and
tumor thrombus in microvessel[17].
      The first RCT study on post-operative TACE (postTACE)
was reported by Izumi et al in1994. The authors enrolled 50
patients after curative resection of HCC with blood vessel
involvement or intra-hepatic spreadings. The results showed
that both DFS rate and DFS time were higher in postTACE
group than those in control group. However, 1 and 3-year OS
rates were similar in both groups (58.8 % vs 63.5 %; 30.5 % vs

Table 1  The important issues related to evaluation of efficacy of prevention of recurrence

               Definition of curative resection
Authors       Average tumor size          1 year RR     1 year DFS     1 year OS

Complete removal Negative in histology Negative in post-
       in operation   on surgical margin operative exams

Kubo[144]   2.6 cm Yes No Yes 25%a         NA  92%
Lau[77]   3.8 cm Yes Yes No NA        59.1%  86.4%
Tang[155] <5 cm, complete tumor Yes Yes No   6.5%         NA   NA

capsule, without portal
vein involvement

Poon[12] >5 cma Yes No No 46%         NA  55.5%
Izumi[6] >5 cma Yes No No 51.7%        43.0%  81.0%
Lai[8] 10.4 cm Yes No Yes 20-30%        69.0%  75%*

RR: recurrence rate; DFS: disease free survival; OS: overall survival; NA: data not available.
aestimated according to the authors’ paper.

Table 2  Summary of RCTs to evaluate the efficacy of pre- and post-operative TACE on prevention of recurrence

Authors Tumor factors Treatment protocol Sample size Observation          DFS                    OS Conclusions
  (Tx/Ctl)       time             (Tx vs Ctl)             (Tx vs Ctl)

Wu[18] >10 cm; resectable Pre-operative TACE  52 (24/28) 2-10 years 3-year 3-year Harmful
39% vs 46%a 31% vs 62%a

Yamasaki[19] 2-5 cm; Single Pre-operative TACE  97 (50/47) 4-6.6 years 39.1% vs 31.1% NA Not effective
Izumi[6] With vessel Post-operative TACE,  50 (23/27) 28.7 Months 3-year 3-year Postpone

involvement or once L 3ml/m2+A (median) 32% vs 11.7% 56.6% vs 53.4% recurrence,but
intrahepatic spreading 20mg/m2+M change over

10mg/m2+G or: all survival
L 2ml/m2+A+M

Lai[8] Negative in lipiodol Post-operative TACE,  66 (30/36) Median 28.3 3-year 3-year Harmful
CT, angiography and 3 times L 10ml+C months 18% vs 48% 65% vs 67%a

ultrasound one month 10mg+EA(40mg/m2 iv×8)
after operation

Lau[7] Surgical Post-operative TACE  43 (21/22) 14.1-69.7 3-year 3-year Beneficial
margin ≥1 cm I131 Lipiodol months 74.5% vs 36% 84.4% vs 46.3%

L: lipiodol; M: mitomycin; A: adriamycin, G: gelfoam; C: cis-platin; Tx: treatment; Ctl: control; DFS: disease free survival; OS:
overall survival.
aestimated according to the figure in authors’ paper.



33.9 %, P=0.7647), the median survival time in postTACE
was shorter than that in the control group (644.5±129.4 days
vs 759.9±137.5day, P<0.05). The authors concluded that
postTACE may postpone but not eliminate the recurrence
(60.9 % vs 81.5 %, P=0.106)[6].
      In another RCT reported by Lau et al, the authors used 131I-
Lipiodol instead of conventional Lipiodol. The result showed
that postTACE improved DFS and OS, decreased recurrence
without major side-effects[7]. This is the only one RCT reporting
a positive result for postTACE treatment. The authors suggested
more effective agents should be used in postTACE.
     However, in Lai et al’s study of postTACE, although the
preventive treatment protocol was more aggressive than
Izumi’s study, the result was even worse. The recurrence rate
and extrahepatic metastasis rate were higher in postTACE
group (recurrence rate: 23/30 vs 17/36, P=0.01) extrahepatic
metastasis rate: 11/30 vs 5/36, P=0.03); 3-year DFS in
postTACE group was lower than that in the control group
(18 % vs 48 %, P=0.04). The OS in postTACE group was
worse than that in the control group, especially in the first two
years, but the difference was not statistically significant.
Therefore, the authors concluded postTACE is harmful to
patients after curative resection of HCC[8].
     The reason of why conflicting results came from different
RCTs is the selection of patients. Lai et al’s group of patients
was selected by a highly rigorous standard; the rationale of
preventive treatment was not solid enough to protect this group
of patient with interventional treatment like postTACE.
However, in Izumi and Lau’s studies, the authors selected a
group of patients with more possibility of recurrence (invasive
cancer or large cancer), so the results turned out to be effective.
      In summary, preTACE is not helpful in terms of decreasing
recurrence after resection of resectable HCC. PostTACE is only
beneficial to the patients with invasive HCC, but not effective
or even harmful to the patients after a “real” curative resection.

Systemic or locoregional chemotherapy
Systemic chemotherapy is generally not effective in most cases
with HCC[18], only a few papers showed a favorable results of
systemic chemotherapy[19]. Here is a summary of RCTs
studying post-operative systemic and locoregional
chemotherapy (Table 3).

    Yamamoto et al studied systemic chemotherapy using
HCFU 200 mg bid as a adjuvant treatment for the patients
after curative resection of HCC. The result showed that
systemic chemotherapy was effective in a subgroup of patients
with mild cirrhosis and good liver function, but not effective
in a subgroup of patients with severe cirrhosis and poor liver
function. The authors discussed that systemic chemotherapy
inhibited the growth of micro-metastatic lesions existing before
operation or multi-centric carcinogenesis after operation, but
jeopardized liver function as well, which resulted a negative
effect on both OS and DFS, especially in patients with poor
liver function reserve[20].
     Kohno et al studied the result of an aggressive treatment
combining systemic and one course of transcatheter arterial
chemotherapy (TAC). There was no obvious side-effect of this
treatment. However, the results showed this combination
treatment did not improve the 3 and 5-yearOS and DFS
compared with the control group with UFT treatment alone,
and another control group without any specific treatment[21].
     Ono et al’s treatment protocol was even more aggressive
with combining systemic and multiple courses of TAC,
however, the result was still negative. Furthermore, very
aggressive protocol was intolerable to most enrolled patients,
and too many cases withdrew from this study[22].
    Ueno et al’s study showed multiple courses of TAC
improved DFS after curative resection of HCC. The flaw of
this study is too small sample size[23].
    A recent meta-analysis also showed that systemic
chemotherapy was not effective or even harmful as an adjuvant
treatment in patients after resection of HCC[24]. Another meta-
analysis showed that TAE (transcatheter arterial embolization)
improved OS after resection of HCC compared with TAC, and
no evidence showing TACE was more effective than TAE[25],
which implied a very limited benefit of locoregional
chemotherapy introduced by TACE overtopping TAE alone.
    From the above data, it is suggested that systemic or
locoregional chemotherapy didn’t inhibit the recurrence, and
the tolerance was another important factor influencing the results.

Post-operative adoptive immunotherapy
Post-operative active or adoptive immunotherapy became a
very attractive cancer treatment modality in early 1990s

Table 3  Summary of locoregional or systemic chemotherapy for prevention of recurrence

Authors Entry criteria Treatment protocol Sample size Observation DFS (Tx vs Ctl) OS (Tx vs Ctl) Conclusions
(Tx/Crl)       time

Yamamoto[20] Liver cacner study HCFU 67(32/35) 6-10 years Stage Ib cirrhosis Stage I cirrhosis Beneficial only to
group of japan for 200mg, bid 62% vs 32% 79% vs 70% patients with
UICC stage II HCCa Stage II cirrhosis Stage II cirrhosis Stage I liver

0% vs 0%c 59% vs 57%c dys function
Kohno[21] NA UFT 300mg, qd vs 88 (40/48) NA 3-year NA Not effective

UFT 300mg, qd+A 37% vs 32%
(ia, 40mg/m2, once)

Ono[22] NA A 40mg/m2 ia and 56 (29/27) 24 months NA NA Not effective,with
40mg/m2 iv every poor tolerance
3 months for 2 years,
and HCFU 300mg
qd for 2 years

Ueno[23] NA CDDP 50-80mg and 21 (11/10) >1 year 70% vs 20%c NA Beneficial
MMC 10mg ia, 2-3 times

NA: not available; A: adriamycin or Epirubicin; ia: intraarterially; iv: intravenously; DFS: disease free survival; OS: overall survival.
a complete excision of a solitary tumor, less than 5 cm in diameter, with a tumor capsule and no vascular invasion to the first or
second branches of the portal vein, or for other stage II tumors, complete removal with a surgical margin from the tumor edge of
more than 1 cm;
bsee the original paper;
cestimated according to the figure in authors’ paper.
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because of a series of successful animal experiments[26];
however, it turned out to be not so effective as expected in a
number of clinical trials[27-29]. At the same time, several clinical
trials have been set up to test the effect of adoptive
immunotherapy on recurrence in patients with HCC in early
1990s. The followings are a summary of these RCTs (Table 4).
     Une et al’s study compared the effect of locoregional
chemotherapy with locoregional chemotherapy plus systemic
immunotherapy on recurrence after curative resection of HCC.
The results showed that locoregional chemotherapy plus
systemic immunotherapy decreased recurrence rate[30].
However, Kawata et al, reported from the same institution and
used almost identical treatment settings, demonstrated
immunochemotherapy didn’t present any survival benefit to
the patients, although in a subgroup of patients with negative
surgical margin (≥1 cm), the immunochemotherapy group
had a better disease-free survival rate than the chemotherapy
group[31]. The reason of the difference might come from the
different observation time.
    Lygidakis et al employed a protocol combining pre-
operative and post-operative locoregional chemotherapy with
systemic immunotherapy to prevent post-operative recurrence
in HCC patients. The results showed this protocol decreased
recurrence[32].
    In Takayama’s study, which had a more than 5-year
observation time, presented a clear survival benefit from
adoptive immunotherapy in terms of DFS but not OS. To
explain the reason of that, the authors discussed that adoptive
immunotherapy may eliminate the micrometastatic lesion in
the remnant liver, but can’t prevent multicentric recurrence;
the second reason was, during a longer time of observation,
the treatment choice for recurrence was not totally dependent

on doctors’ presetting, therefore different treatment modalities
may affect the long term results[1].
     In general, the immunotherapy may inhibit recurrence in
patients after resection of HCC, especially in the first several
years after operation, with a good tolerance. However, it needs
more randomized control trial to confirm, and more powerful
agents need to be discovered.

Post-operative Interfereon (IFN) treatment
The rationale of post-operative IFN treatment came from the
several findings in HCV related HCC. First, a lower incidence
of HCC was observed in many studies when IFN was used to
clear HCV viremia[33]; second, recurrence after curative
resection of HCC developed from multicentric origin, which
was closely related to the HCC viremia status[14]. Third, IFN
had anti-cancer effect on the early stage tumors, like
micrometastatic lesions[34]. The following is the summary of
post-operative IFN treatment (Table 5).
      Ikeda et al[35]s results showed that, although the recurrence
curve increased similarly in both groups in the first two years,
but it remained the same in treatment group after that, which
suggested that the effect of IFNβ on prevention of recurrence
was not through direct inhibition of tumor cells per se, but
depended on the clearance of HCV viremia, implying the
mechanism of IFNα is through inhibition of multicentric
recurrence. However, in Kubo et al’s study, the decrease of
recurrence rate was associated with neither clearance of HCV
nor normalization of serum ALT level, the actual reason was
unknown, but the authors suggested that it might depend on
direct antitumor effects or inhibition of carcinogenesis by HCV.
Therefore, the mechanism of IFN’s effect on recurrence
remains to be investigated further[14,36]. Recently, our data

Table 4  A summary of RCT results of adoptive immunotherapy to prevent recurrence

Authors Entry criteria     Treatment protocol Sample size Observation     DFS      OS Conclusions
   (Tx/Ctl)         time Tx vs Ctl Tx vs Ctl

Une[30]            NA      A ia vs A+LAK and IL2 ia  24(12/12) NA 50% vs 8.3% NA Beneficial
Kawata[31]        NA      A ia vs A +IL2+LAK ia  24(12/12) NA NS NA Not beneficial
Lygidakis[32]    NA      No Tx vs  40(20/20) NA Recurrence: NA Beneficial

     Chemoimmunotherapy 0/18 vs 7/17
Takayama[1]    Completely remove;     LAK IV at the 2nd, 155 (76/79) >5 years 3-year 5-year Beneficial

          histologically negative   3rd, 4th, 12th, 24th week 48% vs 33% 68% vs 62%
          in surgical margin      after operation 5 year 37% vs 22%

ia: intra-arterially; iv: intravenously; NA: not available; NS: not significant; DFS: disease free survival; OS: overall survival; Tx:
treatment; Ctl: control; LAK: lymphokine activated killer cells; NA: not available.

Table 5  Summary of RCTs of Interferon treatment

Authors Entry criteria Tx protocol Sample size Observation time     DFS      OS    Conclusions
Tx vs Ctl Tx vs Ctl

Ikeda[35] Complete remove by IFNβ 6MU im 20(10/10) 2-34.6 months 1 year NA    Beneficial
resection or PEI biw×36 months 0% vs 62.5%

Kubo[14,36] Complete remove, IFNα 6MU biw×2 30(15/15) 1817 days (Tx) Recurrence NA    Beneficial
negative in CT scan 3-4 weeks then tiw×14 and 1487 (Ctl) 9/15 vs 13/15
weeks after operation weeks then biw×88 weeks P=0.041

Table 6  Summary of RCTs of acyclic retinoic acid

Authors Entry criteria Tx protocol Sample size Observation time Recurrence       OS         Conclusions
Tx vs Ctl Tx. vs Ctl

Muto[37,38] Complete removal by resection ARA 89(44/45) 62 months 27% vs 49% 6 year          Beneficial
or PEI, negative in postoperative 300mg, bid (Median) (P=0.04) 74% vs 46%
Ultrasound or CT

Tx: treatment; Ctl: control; OS: overall survival.
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suggested anti-angiogenesis instead of the anti-proliferation
property of IFNα involving in antitumor effect in animal
models, and it may act through regulation of VEGF expression.
A randomized control trial in HBV related HCC patients after
curative resection was also conducted to test the effect of IFNα
on recurrence in the authors’ institution, the interim results
showed that long-term IFNα treatment improved disease-free
survival of patients through direct antitumor effect, which was
not associated with serum conversion of HBeAg.

Acyclic retinoid acid
Retinoid acid is a inducer of differentiation. All-trans retinoic
acid has been successfully used to treat a subtype of leukemia.
Muto et al reported a serial results in patients with HCV-related
HCC treated by post-operative acyclic retinoic acid (ARA),
and showed long term ARA treatment improvement in OS and
DFS[37,38]. A further study revealed the mechanism of ARA
treatment was through inhibition of second primary liver cancer
by deletion of a latent clonal hepatoma cells[39] (Table 6).

SUMMARY
A number of preventive treatment protocols to inhibiting
recurrence after curative resection of HCC have been evaluated
by RCT. Although no standard treatment has been proven to
be effective to all patients, several approaches presented
promising results, which were both effective and tolerable in
post-operative patients. Generally systemic and locoregional
chemotherapy or combined with embolization was not as
effective as expected, meanwhile the side-effects, such as
downstaging of liver function was noticed in this treatment;
however, biological treatment approaches showed a better
outcome, but need more evidence before being accepted widely.
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Abstract
Chronic hepatitis B virus (HBV) infection can cause a broad
spectrum diseases, including from asymptomatic HBV carriers
or cryptic hepatitis, to acute hepatitis, chronic hepatitis, Liver
cirrhosis and primary hepatocellular carcinoma. The variable
pattern and clinical outcome of the infection were mainly
determined by virological itself factors, host immunological
factors and genetic factors as well as the experimental
factors. Among the human genetic factors, major candidate
or identified genes involved in the process of HBV infection
fall into the following categories: (1) genes that mediate
the processes of viral entry into hepatocytes, including genes
involved in viral binding, fusion with cellular membrane and
transportation in target cells; (2) genes that modulate or
control the immune response to HBV infection; (3) genes
that participate in the pathological alterations in liver tissue;
(4) genes involved in the development of liver cirrhosis and
hepatocellular carcinoma associated with chronic HBV
infection, including genes related to mother-to-infant
transmission of HBV infection; and (5) those that contribute
to resistance to antiviral therapies. Most of the reports of
human genes associated with HBV infection have currently
focused on HLA associations. For example, some investigators
reported the association of the HLA class II alleles such as
DRB1*1302 or HLA-DR13 or DQA1*0501-DQB1*0301-
DQB1*1102 haplotypes with acute and/or chronic hepatitis
B virus infection, respectively. Several pro-inflammatory
cytokines such as Th1 cytokines (including IL-2 and IFN-γ)
and TNF-α have been identified to participate the process
of viral clearance and host immune response to HBV. In
contrast, the Th2 cytokine IL-10 serves as a potent inhibitor
of Th1 effector cells in HBV diseases. The MBP polymorphisms
in its encoding region were found to be involved in chronic
infection. Thus, reports from various laboratories have shown
some inconsistencies with regard to the effects of host
genetic factors on HBV clearance and persistence. Since
genetic interactions are complex, it is unlikely that a single
allelic variant is responsible for HBV resistance or
susceptibility. However, the collective influence of several
single nucleotide polymorphisms (SNPs) or haplotype (s)
may underlie the natural combinational or synergistic
protection against HBV. The future study including the multi-
cohort collaboration will be needed to clarify these preliminary
associations and identify other potential candidate genes.
The ongoing study of the distributions and functions of the
implicated allele polymorphisms will not only provide insight

into the pathogenesis of HBV infection, but may also provide
a novel rationale for new methods of diagnosis and
therapeutic strategies.

Wang FS. Current status and prospects of studies on human
genetic alleles associated with hepatitis B virus infection. World
J Gastroenterol  2003; 9(4): 641-644
http://www.wjgnet.com/1007-9327/9/641.htm

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is one of the most
common infectious diseases and leads to high morbidity and
mortality due to the development of liver cirrhosis (LC) and
hepatocellular carcinomas (HCC). It is estimated that HBV is
present in a reservoir of more than 130 million chronic carriers,
representing more than 10 % of Chinese population[1]. In
particular, more than 23 million of Chinese HBV-infected
subjects clinically manifest liver damage with abnormally
elevated ALT levels and HBV active replication. Generally,
exposure to HBV can cause a broad spectrum ranging from no
infection to different clinical conditions[2]. What produces the
individual or ethnic differences in infection, severity, and
outcome? The reasons for this variation in the natural history
of HBV infection are not fully understood, but are
environmental factors and the following: (1) Virological factors
such as viral load, genotype, and genetic divergence due to
viral gene mutations. HBV mutates very rapidly and uses high
genetic variability as an effective mechanism for escaping the
host immune response[3]. (2) Immunological factors including
the innate and adaptive immune responses against viral
infection, which play important roles in modulating both the
antiviral immune response and host susceptibility to HBV. The
rapid mutations in HBV epitopes recognized by HBV-specific
CTLs may cause both humoral and cell-mediated virus-specific
immune responses to quickly lose their ability to efficiently
control the virus[4,5]. (3) The host genetic factors are believed
to be responsible for clinical outcomes of many infectious
diseases[6-9].
      In the last decade, the virological and immunological factors
of HBV have been extensively studied, but the examination of
the relationship between host genetics and HBV resistance is
still in its infancy[10-12]. Therefore, this review focuses on the
recent progress in study of human genetic alleles associated
with chronic HBV infection, and discuss the unanswered
questions and future directions in this field.

HOST GENETIC FACTORS INVOLVED IN HBV INFECTION
HBV-infected subjects generally fall into one of the following
clinical types: (1) asymptomatic HBV carriers and cryptic
hepatitis; (2) acute hepatitis; (3) chronic hepatitis; (4) liver
cirrhosis with or without decompensated liver failure; and (5)
primary hepatocellular carcinoma associated with HBV
infection[2,13]. However, the pattern and clinical outcome of
the infection are highly variable. Why is this? Previous
epidemiological investigation in humans suggests that there is
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a strong genetic component to affect the individual
susceptibility to infectious pathogens[14-16], although to date,
no single allele has not been clearly associated with HBV
persistence or disease severity. However, the following reflects
individual and ethnic differences in response to HBV infection.
(1) Infection with the same HBV virus has been found to cause

various clinical outcomes in patients. In adults suffering
from primary HBV infection, 90-95 % of the subjects can
successfully clarify the virus through self-limiting hepatitis
and only 5-10 % of adults become chronic HBV carriers[17].
Among the chronically infected subjects, 20-30 % lead to
liver cirrhosis and -5 % develop hepatocellular carcinoma
through a long-term disease progression. Of teen-ager
subjects that acquire HBV infection from either perinatal
or horizontal transmission, more than 90 % develop chronic
infection. In China, mother-to-child transmission of HBV
was once a common source of chronic infection.

(2) The long-term follow-up studies indicate that some
individuals in high-risk groups (e.g. spouses in HBV-
infected families) never develop the disease. This suggest
the existence of an individual-specific resistance to HBV
infection[1,3].

(3) There is a different incidence and infection rate among
global ethnic groups. HBV infection is significantly
endemic in Asia and Africa, and there is a significantly
higher incidence of chronic HBV infection in Chinese
compared to Caucasians[18].

(4) In clinic, HBV-infected individuals may display complete,
partial or no response to interferon-a or Lamivudine
antiviral therapy alone or in combination.

(5) Around 85 % of healthy subjects can produce the efficient
protective anti-HBsAg antibody upon the HBV vaccination,
while remaining fail.

      The above-mentioned data suggests that the knowledge of
understanding human genetic factors may provide critical clues
not only to the ethnic diversity of HBV infection, but also to
the issue of disparity in therapeutic response[19]. The human
genome project has indicated that there are approximately
thirty-five thousand genes in the human genome. Many of these
alleles contain polymorphisms such as single nucleotide
polymorphisms (SNPs) within the encoding or flanking regions.
It is estimated that there are 3.5 million SNPs within human
genome and there are likely to explain much of the genetic
diversity of individuals and ethnic groups[13]. If a specific SNP
version is associated with a favorable outcome and low risk of
progression of HBV infection and liver disease, the allele may
be considered an ‘HBV resistant’ allele. Conversely, a version
of the SNP that confers an unwanted HBV phenotype (quick
disease progression or high risk of severe infection) may be
called a ‘HBV susceptible’ allele. Current research is focusing
on the hunt and identification for these alleles.

SELECTION OF CANDIDATE ALLELES
Two strategies are currently used in the study involving genetic
markers associated with disease phenotypes. The candidate
gene method is the typing of markers located near genes that
could be chemically related to the disease in question[20].
Conversely, a genome-wide search scans markers throughout
the whole genome in search of chromosomal regions that could
be associated with disease susceptibility or resistance. The
choice of candidate genes for the first method is strongly
determined by the function (or putative function) of the gene
and its possible role in the host response to HBV infection and
disease progression. Major genes involved in the process of
HBV infection can be identified by characterizing host response
to HBV exposure such as clinical response, biological response
(intensity of infection), and immunological response (levels

of antibodies, cytokines or cell-mediated response against
HBV)[10]. These biological processes may then suggest genes
of interest for screening. Many of the candidate genes fall into
the following categories: (1) genes that mediate the processes
of viral entry into hepatocytes, including genes involved in
viral binding, fusion with cellular membrane and transportation
in target cells; (2) genes that modulate or control the immune
response to HBV infection; (3) genes that participate in the
pathological alterations in liver tissue; (4) genes involved in
the development of liver cirrhosis and hepatocellular carcinoma
associated with chronic HBV infection, including genes related
to mother-to-infant transmission of HBV infection; and (5)
those that contribute to resistance to antiviral therapies[19,20].
This study is still in its early stages, and much more remains to
be done on candidate genes, including the clarification of
sequence, identification of mutant SNPs, functional evaluation
of SNPs, and evaluation of their association with diseases.

ADVANCES ASSOCIATED WITH INDIVIDUAL GENETIC
SUSCEPTIBILITY TO HBV INFECTION
Some candidate gene work has been completed at this time.
Since both chemokine receptor and HLA genes play critical
roles in host immune response to viral infection, they are among
the first HBV candidate genes screened.

HLA class I and II alleles
The genes for HLA class I (HLA-A, -B, and -C) and class II
(HLA-DRB1, -DQA1, -DQB1, -DPA1, and -DPB1) are located
on the short arm of chromosome 6. As the primary modulator
of host immune response, the HLA molecules present foreign
antigens to both the CD4+ T lymphocytes and the CD8+
cytolytic T cells, leading to both humoral and cell-mediated
immune response. The majority of the human genetic studies
associated with HBV infection has focused on HLA
associations[21]. Thursz et alinvestigated a large cohort of
pediatric patients from Gambia and identified the association
of the HLA class II allele DRB1*1302 with a self-limiting
course of acute hepatitis B[23,24]. Hohler et al[17]. confirmed the
effect of DBR1*1302 in Gambian adults that seemed to clear
the HBV infection in vivo. Thio et al[25] examined the
DQA1*0501, DQB1*0301 and DQA1-DQB1 haplotypes and
found the haplotype cluster of DQA1*0501-DQB1*0301-
DQB1*1102 had a significant association with viral
persistence. However, Zavaglia et al reported that no
correlation could be observed between the clearance of HBV
or HCV virus and HLA phenotypes[22]. Recently, Diepolder et
al reported that HLA-DR13 allele is less frequent in patients
with chronic hepatitis B than in healthy controls or subjects
with a self-limiting hepatitis B[26]. Additional study has
confirmed a strong association between the HLA class II allele
DR13 and a self-limiting course of acute HBV infection. Rapid
progression to chronic hepatitis B is rare in these patients,
suggesting that patients with HLA-DR13 can mount a more
vigorous CD+ T cell response to HBV core antigen during
acute HBV infection. The beneficial effect of HLA-DR13 allele
on the outcome of HBV infection may either be the result of
more proficient antigen presentation by the HLA-DR13
molecules themselves or of a linked polymorphism in a
neighboring immunoregulatory gene. To date, no associations
between HLA class I alleles and the viral persistence or disease
progression in HBV-infected patients was found, though class
I molecule mediates the cytotoxic T lymphocyte (CTL)
response through the cytolytic and noncytolytic mechanisms[13].
Future studies have to investigate whether one of these
polymorphisms or a yet unidentified immunoregulatory gene
is possibly associated with a more successful immune response
against HBV[27].



Cytokine and chemokines
Since individual variation in cytokine release is predominantly
caused by polymorphisms near or within the genes[28,29],
heterogeneity of the candidate gene in HBV-infected patients
serves as a probable biomarker for influence the disease
phenotypes. Several pro-inflammatory cytokines such as Th1
cytokines (including IL-2 and IFN-γ) and tumor necrosis factor-
alpha (TNF-α) have been identified as participating in the viral
clearance and the host immune response to HBV. In contrast,
the Th2 cytokine IL-10 serves as a potent inhibitor of Th1
effector cells[30].
     Tumor necrosis factor (TNF)-α is an important cytokine
involved in noncytotoxic antiviral mechanisms[31]. This gene
is located within the class III region of the MHC complex and
has five polymorphisms in its promoter region, located at
positions -1031(T/C), -863(C/A), -857(C/T), -308(G/A) and -
238(G/A) respectively [negative numbers represent number
of bases upstream from the transcription initiation site][32,33].
Miyazoe et al  reported the TNF-α gene promoter
polymorphisms were not linked to disease progression in HBV
carriers in Japan[34], however both Hohler[35,36] found that the
two polymorphisms such as -308(G/A) and -238(G/A) were
significantly associated with HBV or HCV persistence in
patients. It is thought that the polymorphism influences the
expression of TNF-α, which may block HBV gene expression.
Similar to TNF-α, IFN-γ clears HBV in vivo by a noncytolytic
effect. Hoffmann et al[18]. showed that the Asian population
contains more IFN-γ genotypes that result in low expression
than do Caucasian populations, which suggests the possibility
of an association between low IFN-γ expression in the highly
HBV-susceptible Asian population.
      The promoter region of IL-10 gene contains three SNPs at
position -1082 (A/G), -819 (T/C), and -592 (A/C), which may
assort into three different haplotypes[37]. Miyazoe et al analyzed
the distributions of TNF-α and IL-10 promoter SNPs in
Japanese HBV-infected petitents and found that the -819T and
-592A wild-type alleles in the IL-10 gene promoter were
significantly more common in asymptomatic carriers than in
patients with chronic progressive liver diseases[32], suggesting
that inheritance of the IL-10 gene promoter polymorphisms is
relevant to progression in chronic HBV infection, perhapse
due to decreased IL-10 production induced by -819T and -
592A haplotype allele.

Mannose binding protein (MBP)
MBP is a calcium-dependent opsonin that plays an important
role in innate immunity by activating the classical complement
pathway and phagocytosis. There are three identified
polymorphisms in the MBP gene encoding region (in codons
54, 57 and 52), leading to low serum concentrations and thus
abolishing its ability to affect host immunity because of an
opsonic defect. The middle surface protein of HBV viral
envelope contains a mannose-rich oligosaccharide to which
MBP could potentially bind. Thomas et al showed that 27 %
of Caucasian patients chronically infected with HBV were
homozygous or heterozygous for the codon 52 mutant allele
whereas only 11 % of patients with acute infection and 4 % of
controls carried the wild type allele, which suggests that the
codon 52 mutant gene has been associated with persistence of
HBV infection[38]. The higher frequency of the codon 52
mutation among the HBV patients than among controls is
probably consistent with the fact that the mutation leads to the
failure of opsonisation and phagocytosis of HBV. Yuen et al[39].
reported that the codon 54 mutation was associated with
symptomatic persistent viral infection in Chinese patients. In
German Caucasians and Gambians, these MBP polymorphisms
were not associated with chronic infection[40].

Vitamin D receptor, cytochrome P450 and Complement four
associated with HBV infection
The active form of vitamin D is an immunomodulatory
hormone that inhibits the Th1 response and activates the Th2
immune reaction. Bellamy et al. studied two known Vitamin
D receptor gene polymorphisms in Gambian HBV-infected
patients and found that the tt genotype of one polymorphism
was associated with viral clearance[41].
     Thus far, reports from various laboratories have shown some
inconsistencies with regard to the effects of host genetic factors
on HBV clearance and persistence. This ambiguity may be
attributable to one or more of the following reasons: (1) a
complex interaction between the virus and host multiple alleles;
(2) the ethnic differences in the studied groups; (3) an
association with a gene in linkage disequilibrium with an HLA
allele. Therefore, a global multicort studies may be needed to
integrate the genetic data and the clinical data for fully
clarification of underlying immunogenetic pathogenesis of
HBV infection. In addition, further candidate genes must be
identified and screened for associated polymorphisms.

PROSPECT FOR STUDY OF HBV RESISTANCE ALLELES
A growing body of evidence related to the genetic effects on
infectious diseases has shown only a fraction of the total picture.
The most successful example is the identification of CCR5
delta32 allele in HIV-1 infection[8,42]. Since genetic interactions
are complex, it is unlikely that a single allelic variant is
responsible for HBV resistance or susceptibility[43]. However,
the collective influence of several SNPs or haplotype(s) may
exert the natural combinational or synergistic protection against
HBV. Recently developed genetic epidemiology strategies and
dense genome-wide search, together with the growing
availability of candidate alleles and suquence information
supply a basic platform for identifying genes associated in HBV
infection. These investigations will depend on the interactions
of many different factors including the viral phenotypes,
population traits, accurate measurement of environmental
factors, and previous knowledge. Genetic resistance to HBV-
induced persistent hepatitis is likely to involve a complex array
of host genetic effects involving multiple variants and
haplotypes. Because of this, future study including the
multicohort collaboration will be needed to clarify these
preliminary associations and identify other potential candidate
genes[20]. In addition, it will be necessary to functionally
characterize the identified associated genes, such as versions
of HLA molecules and MBP, and see whether the mutations
have functional significance in terms of individual susceptibility
to HBV infection. The ongoing study of the distributions and
functions of the implicated allele polymorphisms will not only
provide insight into the pathogenesis of HBV infection, but
may also provide a novel rationale for new methods of
diagnosis and therapeutic strategies[44].
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Abstract
AIM: To investigate the alteration of the annexin I subcellular
localization in esophageal squamous cell carcinoma (ESCC)
and the correlation between the translocation and the
tumorigenesis of ESCC.

METHODS: The protein localization of annexin I was
detected in both human ESCC tissues and cell line via the
indirect immunofluorescence strategy.

RESULTS: In the normal esophageal epithelia the annexin
I was mainly located on the plasma membrane and formed
a consecutive typical trammels net. Annexin I protein also
expressed dispersively in cytoplasm and the nuclei without
specific localization on the nuclear membrane. In esophageal
cancer annexin I decreased very sharply with scattered
disappearance on the cellular membrane, however it
translocated and highly expressed on the nuclear membrane,
which was never found in normal esophageal epithelia. In
cultured esophageal cancer cell line annexin I protein was
also focused on the nuclear membrane, which was consistent
with the result from esophageal cancer tissues.

CONCLUSION: This observation suggests that the
translocation of annexin I protein in ESCC may correlate
with the tumorigenesis of the esophageal cancer.

Liu Y, Wang HX, Lu N, Mao YS, Liu F, Wang Y, Zhang HR, Wang
K, Wu M, Zhao XH. Translocation of annexin I from cellular
membrane to the nuclear membrane in human esophageal
squamous cell carcinoma. World J Gastroenterol  2003; 9(4):
645-649
http://www.wjgnet.com/1007-9327/9/645.htm

INTRODUCTION
Annexin I is a member of annexins, an evolutionary conserved
multigene family, which are calcium and phospholipid-binding
proteins. Annexins consist of a conserved C-terminal domain
that confers calcium-dependent phospholipid binding and a
variable N-terminal domain that is responsible for the specific
properties of each annexin I[1,2]. As a steroid-regulated protein
annexin I has been found to participate in the cell differentiation
and anti-inflammatory effects[3, 4]. It is also a major substrate
of EGF receptor, which related to endocytic trafficking and
sorting of EGFR in multivesicular endosomes[5]. The annexin
I modulates the signal transduction through MAPK/ERK
pathway and, specifically, inhibits the activities of
phospholipase A2[6, 7]. Recent studies describe increased
expression of annexin I in human hepatocellular carcinoma
but it is absent in several types of carcinomas, such as human
esophageal cancer and prostatic neoplasm[8, 9]. We have found
that annexin I is clearly lost in ESCC, a kind of major diseases
and the 4th killer of malignant tumors in China, and it seems
that the annexin I protein plays an important role in the
carcinogenesis.
      It is well known that the protein subcellular localization is
a very important way to better understand protein functions.
The alteration of protein subcellular localizations and the
membrane trafficking will facilitate the specific cellular
functions as well as signal transduction. To detect the
subcellular localizations of annexin I in both normal epithelia
and ESCC mucosa will give us some clues to address the
functions of annexin I in malignant tumors.

MATERIALS AND METHODS

Materials
Tissues specimens  The esophageal specimens used for
immunohistochemical (IHC) staining were obtained from
patients who presented to the Cancer Hospital of Chinese
Academy of Medical Sciences, Beijing, China and were
diagnosed as esophageal squamous cell carcinoma without
chemotherapy and radiotherapy by two senior pathologists.
After surgical resections the specimens were fixed in 70 %
ethanol or 40 mg·L-1neutral formalin and embedded in paraffin.
Cell line  Human ESCC cell line, EC0156 was generated in
our laboratory from an ESCC tissue.
Antibodies  Commercial available antibodies included annexin I
monoclonal antibody (Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA), goat anti-mouse TRITC and goat anti-mouse FITC
antibodies (Jackson ImmunoResearch Laboratories, Inc., West
Grove, PA, USA). All other reagents were of analytical grade.

Methods
Cell cultures  The human esophageal cancer cell line EC0156
was cultured in Dulbecco’s modified Eagle’s medium (DMEM)
with 10 % fetal bovine serum and antibiotics (penicillin and
streptomycin) at 37  in a humidified atmosphere with 5 % CO2.
Indirect immunofluorescence staining[10]  For immunostaining,
EC0156 cells were grown on glass-coverslips at 80 %
confluence and fixed in 4 % paraformaldehyde in 100 mmol·L-1
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PBS (pH=7.4) for 15 min at room temperature. After three
washes with the buffer (25 mmol·L-1 HEPES, 1 mmol·L-1 CaCl2,
1 mmol·L-1 MgCl2 and 10 g·L-1 BSA), the paraffin embedded
tissue sections were deparaffinized and hydrated through
xylenes and graded alcohol series, and then rinsed for 5 min in
water. The fixed cells and deparaffinized tissue sections were
incubated in blocking solution (0.1 % horse serum and 0.06 %
Triton-X 100 in PBS) for 1 hour to decrease the non-specific
binding of the antibodies and to improve the penetration of
the antibodies through membranes. The blocking solution was
also used for diluting the primary and secondary antibodies.
After 1 hour, the blocking solution was changed for the primary
antibody solution (anti-annexin I monoclonal antibody was
diluted to 1:200 and PBS was used as negative control) and
the cells were incubated at 4  overnight. After three washes,
cells and tissues were incubated with the fluorescence-labeled
secondary antibodies (1:300 diluted goat anti-mouse TRITC
or the goat anti-mouse FITC) for 30 min at room temperature.

This was followed by a last washing step (3×5 min, in PBS),
then the cells were rinsed with distilled water, air dried and
mounted on glass slides using Cytoseal 60 mounting medium
(Stephens Scientific). Cells were then analyzed and images
were obtained with a fluorescence microscope (Olympus
BX51, OLYMPUS OPTICAL CO., LTD., Japan).

RESULTS
Localization of annexin I in normal esophageal epithelia
Annexin I protein was mostly located on the cell membrane in
a granular pattern and some of them on the nucleus and
cytoplasm as well through immunofluorescence staining in the
normal esophagus epithelia (Figure 1. d, e, f and g).
Consecutively and symmetrically expressed annexin protein
on the cellular membrane makes typical trammel net. Annexin
I also expressed in the cytoplasm and nuclei dispersively
without specific localization on the nuclear membrane.

Figure 1  The localization of annexin I in normal esophageal epithelium. The normal esophageal epithelia on the paraffin-embed-
ded tissues were detected with anti-annexin I monoclonal antibody and imaged with TRITC-conjugated goat anti-mouse antibody,
and then observed under a fluorescence microscope (a, d, e, f and g). PBS was used as a negative control (a 50×), the tissue section
was viewed under a Nomarski interference-contrast microscopy (b 50×) and the additional H & E staining was also performed (c
200×). The localization of annexin I protein in normal esophageal epithelium was shown from d to g (d 200×; e 400×; f 400× and g
400×). The orientation of the bottom left corner was the basal membrane of the esophageal mucosa.
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Translocation of annexin I protein in ESCC
Figure 2 (c, d, e and f) showed clearly that the beautiful trammel
net of annexin I protein on the esophageal epithelia had been
broken and the holes of the net had been fused each other on
the ESCC cellular membrane. The expression of annexin I on
the cellular membrane decreased very sharply with unequal

distribution or scattered disappearance. In the meantime, we
also found the nuclear membrane localization of annexin I
protein had appeared and increased very obviously (shown by
the yellow arrows), which has never been found in normal
esophageal epithelia. However, the expression of annexin I in
nuclear plasma had been decreased distinctly.
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Figure 2  The translocation of annexin I protein in ESCC. Paraffin-embedded tissue sections of ESCC were detected with anti-
annexin I antibody and annexin I protein was labeled by TRITC-conjugated secondary antibody. The fluorescence image was
visualized under a fluorescence microscope (Olympus BX51, Japan). An H & E staining was performed (a  200×; c 400×). A
hyperplasia of esophageal epithelia were shown in Figure 2 (a and b, b 200×) and there were basal papillae displaying bound-
ary area of the epithelium, which consecutively expressed annexin I formed the typical trammel net on the cellular membrane.
Annexin I protein was decreased sharply and translocated from cellular membrane to the nuclear membrane (d 200×; e 400×; f
400×). The yellow arrows showed the nuclear membrane localization of annexin I in ESCC and all of the materials were from a
same ESCC case.

Nuclear membrane localization of annexin I on ESCC cell line
In order to further confirm the localization of annexin I protein
in ESCC, a human esophageal cancer cell line, EC0156 was
used to inspect the distributions of annexin I by indirect
immunofluorescence staining. Annexin I protein was distinctly

focused on the nuclear membrane (Figure 3, indicated by red
arrows) of the EC0156 cells and it was consistent with what
we saw in esophageal cancer tissues. On the cell line, annexin
I proteins were also expressed on cytoplasm, cellular membrane
and nuclear plasma as well.



Figure 3  The localization of annexin I in ESCC cell line. EC0156
cells were grown on glass coverslips at 80 % confluence, de-
tected with the anti-annexin I monoclonal antibody and visu-
alized by FITC-conjugated secondary antibody under the fluo-
rescence microscope. EC0156 cells were cultured in DMEM
medium and photomicrographied under a phase-contrast mi-
croscopy (a 100×). Annexin I was observed by fluorescence
microscope (b 400× and c 1 000×). The red arrows showed that
annexin I protein was also located on nuclear membranes in
EC0156 cells.

DISCUSSION
Annexin I protein belongs to a family of calcium-dependent
phospholipid-binding proteins whose functions are presumed
to participate in various membrane related events including
membrane fusion in exocytosis and endocytosis as well as
membrane organization. Previously studies have reported that
in human epidermis annexin I was stained in a granular pattern
in the monolayer but in an envelope pattern in the stratified
keratinocytes[11]. The subcellular localization of annexins in
rat was mainly found in the cytoplasm and nucleus of the
mesangial cells[12], and in cytoplasm of mast cells[13]. By the
localization of annexin I, II, VI and XIII in epithelial cells of
intestinal, hepatic and pancreatic tissues of the rabbit, Massey-
Harroche et al[14] showed that the basolateral domain of
polarized cells appears to be the main site where annexins are
located, and annexins may therefore be involved in the

important cellular events occurring at this level. It suggests
that the different localizations of annexin I contribute to its
versatile functions.
      Recently it has been found that annexin I is drastically down-
regulated in esophageal cancer and assumed that the it may
play a key role in the tumorigenesis of ESCC[8,15, 16]. To gain
the insight into the localization of annexin I, its relationship
with the processing of esophageal cancer and the possible
functions of this protein, we investigated the subcellular
localization of annexin I in ESCC cell line, normal and cancer
esophageal epithelia by indirect immunofluorescence strategy.
It was found that annexin I was mainly located on the
membrane of the normal esophageal epithelia in granular
pattern and formed a typical trammel net between the
esophageal epithelia. Annexin I also expressed dispersively in
the nuclei and cytoplasm without specific localization on the
nuclear membrane. However, on the cellular membrane of
ESCC the beautiful trammel net of annexin I had been broken
and the holes on the net had been fused together. The expression
of annexin I on the cellular membrane and nuclear plasma
decreased very sharply, and the protein distributed unequally
with scattered disappearance. Meanwhile, the nuclear
membrane localization of annexin I had been appeared and
increased obviously, which was never been found in normal
esophageal epithelia. Additionally the distribution of annexin
I on the human esophageal cancer cell line, EC0156 was also
distinctly focused on the nuclear membrane. This finding
suggests that the translocation of the subcellular localization
of annexin I may be correlated with the tumorigenesis of ESCC.
An IHC analysis of annexin I in ductal epithelial cells of various
human breast tissues indicated that this annexin was not
demonstrable in both the ductal luminal cells of normal breast
and benign tumors, but was generally expressed in various types
of breast cancer. Therefore it is most likely involved in an early
stage of human breast cancer development. Annexin I expression
might also correlate with breast cancer progress[17].
      Annexin I appeared to be cleaved by neutrophil elastase at
the N-terminal portion between Val-36 and Ser-37 to yield a
33 kDa protein. Cleavage of the N-terminal portion of annexin
I was accompanied by a marked change in the annexin I
isoelectric point (pI) value (from 6.0 to 8.5-9.0) and greatly
diminished its functional activities. The findings demonstrate
that annexin I degradation in epithelial lining fluid is closely
related to lung inflammation[18].
      The mechanisms of annexin I localization are a complexity.
A study showed calcium induced translocation of annexin I
into subcellular organelles and secretory vesicles in human
neutrophils, which suggested annexin I might contribute to
the secretory process in neutrophils[19]. Other studies also
showed that dexamethasone and IL-6 could affect the
localization of annexin I. In A549 human adenocarcinoma cell
line dexamethasone could inhibit EGF-stimulated cytosolic
PLA2 activation and arachidonic acid release. Annexin I
participated in this regulated pathway. Dexamethasone induced
annexin I phosphorylation and translocation mediated by
glucocorticoids receptor, then brought about a competition
between annexin I and Grb2 leading to a failure of recruitment
of signaling factors to EGFR[6]. In U937 cells dexamethasone
also caused translocation of annexin I from the intracellular
compartment to the cell membrane[20]. Solito et al reported that
induction of annexin I protein and its translocation to the cell
membrane were stimulated by interleukin 6 and a unique 30
bp region of the annexin I promoter, which was critical for the
responsiveness of the reporter gene to IL-6 and dexamethasone.
IL-6 stimulation was mediated by a C/EBP beta-like
transcriptional factor. Annexin I might participate in host
defence system as a new acute class II phase protein[21].
      Another study showed that stresses, treatment of A549 and
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Hela cells with heat, hydrogen peroxide or arsenate, resulted
in the translocation of annexin I from cytoplasm to nucleus
and perinuclear region. There were different intracellular
distributions of annexins in macrophage-like cells in
phagocytosis, and reactions to hydrogen peroxide and sodium
arsenate[22].
     In summary, we have first detected the translocation of
annexin I from cellular membrane to nuclear membrane in
ESCC cells. It seems that the subcellular localizations of
annexin I are closely related to its functions and the alterations
are most likely involved in the tumorigenesis of ESCC,
especially at the early stage. More investigations are doing to
further clarify the mechanisms of annexin I subcellular-
localization changes during tumorigenesis of human ESCC.
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Abstract
AIM: To identify the differentially secreted proteins or
polypeptides associated with tumorigenesis of esophageal
squamous cell carcinoma (ESCC) from serum and to find
potential tumor secreted biomarkers.

METHODS: Proteins from human ESCC tissue and its
matched adjacent normal tissue; pre-surgery and post-
surgery serum; and pre-surgery and normal control serum
were separated by two-dimensional electrophoresis (2-DE)
to identify differentially expressed proteins. The silver-
stained 2-DE were scanned with digital ImageScanner and
analyzed with ImageMaster 2D Elite 3.10 software. A cluster
of protein spots differentially expressed were selected and
identified with matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF-MS). One of
the differentially expressed proteins, clusterin, was down-
regulated in cancer tissue and pre-surgery serum, but it
was reversed in post-surgery serum. The results were
confirmed by semi-quantitative reverse-transcription (RT)-
PCR and western blot.

RESULTS: Comparisons of the protein spots identified on
the 2-DE maps from human matched sera showed that some
proteins were differentially expressed, with most of them
showing no differences in composition, shape or density.
Being analyzed by MALDI-TOF-MS and database searching,
clusterin was differentially expressed and down-regulated

in both cancer tissue and pre-surgery serum compared with
their counterparts. The results were also validated by RT-
PCR and western blot.

CONCLUSION: The differentially expressed clusterin may
play a key role during tumorigenesis of ESCC. The 2DE-MS
based proteomic approach is one of the powerful tools for
discovery of secreted markers from peripheral.

Zhang LY, Ying WT, Mao YS, He HZ, Liu Y, Wang HX, Liu F, Wang
K, Zhang DC, Wang Y, Wu M, Qian XH, Zhao XH. Loss of clusterin
both in serum and tissue correlates with the tumorigenesis of
esophageal squamous cell carcinoma via proteomics approaches.
World J Gastroenterol  2003; 9(4): 650-654
http://www.wjgnet.com/1007-9327/9/650.htm

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC), the major
histological form of esophageal cancer, is one of the most
common malignant tumors in China especially in the north part
of the country. Human ESCC carcinogenesis is a multistage
process involving multifactorial etiology and genetic-
environment interactions[1-3]. Patients with ESCC have a poor
prognosis, with 5-year survival rates of less than 10 %, because
of the rapid spread and of the cancer associated malnutrition
due to dysphagia and cachexia[4]. The molecular mechanisms
that underlie the tumor formation and progression are still not
completely perspicuous, although several progresses based on
alterations of gene expression[5] and disregulated proteins, such
as annexin I[6] and tumor rejection antigen[7] in esophageal cancer
via proteomic approaches have been reported recently. Discovery
of new markers to discriminate tumorigenic from normal cells,
as well as the different stage is critical important for early
detection and diagnosis of ESCC. The success of the Human
Genome Project and the initiation of human proteome are
strongly facilitating these efforts as tremendous information of
genes and proteins are currently available[8,9]. It would be possible
to undertake comprehensive profiling of tumor at the proteomics
level to identify protein alterations that are unpredictable at either
the genomics or transcriptomics levels[10]. However there is no
comprehensive study of esophageal cancer protein profiling or
protein expression patterns have been generated, especially the
tumor-associated serum protein biomarkers. To identify specific
protein tumor markers both in serum and tissue by proteomics
approaches is a currently critical issue[8,11,12].
     Tumor associated proteins as well as post-translational
modifications can be identified via proteomic methodologies.
In the present study, we used the 2-DE/mass spectrometry (MS)-
based proteomic analysis to profile the proteins in serum of ESCC
patients. We analyzed 17 pairs of patient-matched pre- and post-
surgery as well as normal and tumor sera from ESCC patients to
discover the alterations of expression profiling. We first found
the clusterin is loss in both serum and tissue of ESCC.



MATERIALS AND METHODS
Specimens and preparation
The esophageal specimens were from patients diagnosed with
esophageal cancer by the pathologists in Cancer Hospital of
Chinese Academy of Medical Sciences (CAMS) (Beijing,
China). The study was approved by the Institutional Review
Board of Cancer Institute of CAMS. The pre-surgery serum
were obtained from the first physical examination after the
patients presented to the hospital, ESCC tumor tissues were
obtained immediately after surgical resection and the post-
surgery serum were obtained from the matched patients during
the day 8 to day 10 after surgery. Sera described in Table 1,
were centrifuged at 3 000 g at 4  for 15 min. Both tissue and
serum samples were snap-frozen in liquid nitrogen immediately
and then stored at -80 . The tissues were homogenized in
five volumes of lysis buffer [8M urea, 4 % CHAPS, 2 %
Pharmalyte, pH 3-10, 10 mM DTT] and centrifuged at 12 000 g
at 4  for 40 minutes. The supernatant was removed and
protein concentration was determined using the Bradford assay.

Table 1  The matched sera for 2-DE

No. of matched-sera Gender    Age Histopathological diagnosis

M51Q-M51H     M     59 MDSCC
M88Q-M88H      F     56 MDSCC
M88Q-M88H     M     62 MDSCC
M92Q-M92H     M     65 MDSCC
M93Q-M93H     M     65 MDSCC
M141Q-Nor86      F     62 MDSCC
M149Q-Nor67     M     67 PDSCC
M151Q-Nor24     M     64 MDSCC
M156Q-Nor87      F     70 PDSCC
M160Q-Nor15     M     68 MDSCC
M162Q-Nor34     M     72 MDSCC
M168Q- Nor16     M     70 MDSCC
M180Q- Nor66      F     65 HDSCC
M180Q- Nor10      F     65 HDSCC
M181Q- Nor97     M     57 MDSCC
M192Q- Nor36     M     68 MDSCC
M193Q- Nor19      F     66 HDSCC

The abbreviations used are: Q, pre-surgery; H, post-surgery;
Nor, age and gender matched normal serum; MDSCC, moder-
ate differentiated squamous Cell Carcinoma; PDSCC, poorly
differentiated squamous Cell Carcinoma; HDSCC, Highly Dif-
ferentiated squamous Cell Carcinoma.

Reagents
Electrophoresis reagents including acrylamide solution (40 %),
N ,  N-m e th y len eb i sac ry lam id e ,  N ,  N ,  N ’ ,  N’ -
tetramethylethylenediamine, tris base, glycine, SDS, DTT,
CHAPS, Immobiline Drystrips, IPG buffer, IPG cover fluid,
LMW protein marker were from Amersham Pharmacia
Biotechnology Inc. (Uppsala, Sweden); Iodoacetamide was from
Acros (New Jersey, USA); Sequence grade Trypsin was from
Washington Biochemical Corporation; Trifluoroacetic acid
(TFA) was from Fluka (Switzerland); TrizolTM Reagent and
Transcriptase SuperScript IITM were from Gibco BRL; PVDF
membrane was from Bio-Rad; Taq DNA polymerase and dNTPs
were from TaKaRa; All other reagents were of analytical grade.

Analytical 2-DE
All sera or cell lysates were quantitated by Bradford assay. 2-
DE was performed by standard procedures as described[8,12]

using precast IPG strips (pH3-10 linear, 18 cm, Amersham
Pharmacia Biotechnology Inc.) in the first dimension,

isoelectric focusing (IEF). Briefly, 180 µg proteins were diluted
to a total volume of 350 µl with the buffer [8 M urea, 2 %
CHAPS, 0.5 % IPG buffer 3-10, 20 mM DTT and a trace of
bromophenol blue]. After loaded on IPG strips, IEF was carried
out according to the following protocol: 6 hours of rehydration
at 0 V; 6 hours at 30 V; 1 hour at 500 V; 1 hour at 1 000 V and
5 hours at 8 000 V. The current was limited to 50 µA per gel.
After IEF separation, the strips were immediately equilibrated
2×15 min with equilibration solution [50 mM Tris-HCl, pH6.8,
6 M urea, 30 % glycerol and 2 % SDS]. 20 mM DTT was
included in the first equilibration solution, and 2 % (w/v)
iodoacetamide was added in the second equilibration step to
alkylate thiols. SDS-polyacrylamide gel electrophoresis
(PAGE) was performed using 1 mm thick, 13 % SDS-PAGE
gels. The strips were held in place with 0.5 % agarose dissolved
in SDS/Tris running buffer and electrophoresis was carried
out at constant power (2.5 W/gel for 40 min and 15 W/gel for
6 hours) and temperature (20 ) using Ettan Dalt II system
(Amersham Pharmacia Biotechnology Inc.). Gels were stained
with silver nitrate according to the instructions of the silver-
staining kit (Amersham Pharmacia Biotechnology Inc.).

Gel scanning and image analysis
Silver stained 2-DE gels were scanned with ImageScanner and
analyzed including spots detection, quantification and
normalization with ImageMaster 2D Elite 3.10 (Amersham
Pharmacia Biotechnology Inc.). Statistical analysis was
performed using SPSS statistical software late.

In-gel protein digestion
Individual protein spot was excised from the gel by Ettan Spot
Picker (Amersham Pharmacia Biotechnology Inc.), destained
with the solution [15 mM potassium ferricyanide, 50 mM
sodium thiosulfate] and washed till opaque and colorless with
25 mM ammonium bicarbonate/50 % acetonitrile. After dried
with vacuum concentrator (SpeedVac Plus, USA) the gel was
rehydrated with 3-10 µl trypsin solution (10 ng/µl) at 4  for
30 min and then incubated at 37  overnight. Tryptic peptides
were eluted and dried on SpeedVac vacuum concentrator.

Protein identification by MALDI mass spectrometry
Digested peptides were dissolved with 0.5 % TFA, with
saturated CHCA solution in 0.1 % TFA/50 % acetic acid as
matrix and analyzed by M@LDI R (Micromass, Manchester,
UK). Spectrum acquisition was externally calibrated with lock
mass 2465.199 Da and internally calibrated with autodigested
peaks of trypsin (MH+: 2211.105 Da). The protein identification
was performed by searching protein databases of Swiss-prot/
trEMBL (http://www.expasy.ch/tools/peptident.html) and
Mascot (http://www.matrixscience.com/). The error for peptide
mass was set as 50 ppm and possible missed cleavage of trypsin
was set as 1. The proteins with more than 4 matched peptides
were thought significant.

RT-PCR
Total RNAs were isolated from esophageal cancer tissues using
TRIzol reagent (Gibco BRL) according to the manufactures’
instructions. First strand cDNA was reversely transcribed from
5 µg total RNAs using SuperScript II kit (Life Technologies)
at 42  for 50 min. Clusterin was amplified by the primers
(left :  5’ACCTCACGCAAGGCGAAGAC3’,  r ight:
5’TCTCACTCCTCCCGGTGCTT3’) and a product with
232bp was generated.

Western blot
Total cells or tissues were lysated with the buffer [1 % SDS,
10 Mm Tris-Cl, pH 7.6, 20 µg/ml aprotenin, 20 µg/ml leupeptin
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and 1 mM AEBSF]. The protein concentrations were
determined using Bradford method. Five micrograms of protein
were separated on 12 % of SDS-PAGE gels and transferred to
PVDF membranes. After blocked with 10 % non-fat milk, the
membranes were incubated with anti-clusterin monoclonal
antibody (Santa Cruz Bitechnology Inc.) (1:1 000 dilution) at
4  overnight. After washing for three times the membranes
were incubated with rabbit anti-mouse IgG at room
temperature for 1 hour. The signals were developed with the
ECL kit (Amersham Pharmacia Biotechnology Inc.) and using
anti-α-tubulin antibody (Santa Cruz Biotechnology Inc.) as
an internal control.

RESULTS
Clusterin was identified down-regulated in pre-surgery serum
A proteomic approach was used to determine the differentiated
proteins profiling between the pre-surgery and post-surgery
sera of ESCC. The proteins from five pairs of matched sera
from pre- and post-surgery of ESCC patients were separated
by 2DE. Figure 1 illustrates the proteomic profilings of the
pre- and post-surgery sera from same individual and more than
600 proteins and polypeptides were detected on each gel. The
matched rate of the five pairs gel was more than 87.2 % and
the spots localized in pI 3-10 with the molecular mass range
around 20-200 kDa. All the identified spots can be considered
as abundant proteins since they are detectable with Coomassie
Blue staining on the preparative 2-DE gel. After computer
analysis for spots detection, background subtraction and
volume normalization, we were able to identify 20 spots
(corresponding to 5 different proteins) from the tryptic
digestion via MALDI-TOF-MS analysis. The isoforms of
clusterin were identified from 8 spots as multipeptides
components, which were dramatically down-regulated in tumor
sera (Figure 2 A and Figure 3).

Figure 1  2-DE profiles of the pre- and post-surgery matched
esophageal cancer sera from a same individual. One hundred
and eighty microgram of protein was separated by 2-DE (IEF
at pH 3-10, 13 % of SDS-PAGE) and stained by silver staining.
LMW markers were from Amersham Pharmacia. (A) pre-sur-
gery serum, (B) matched post-surgery serum.

Proteomic determination of esophageal cancer serum
We asked the question whether the loss of clusterin was induced
by surgical attacks? In order to get rid of the interferences of
the human immunoresponse after routine surgery, we
additionally selected and matched 12 pairs of pre-surgery sera
with the healthy sera from the same age and gender individuals
who had no any surgical attacks and infections recently. We
ran 2-DE profiling again between the two groups. Comparison
with the healthy reference sera, clusterin proteins were also
identified as more than four times lower in esophageal cancer
serum after statistical analysis (Figure 2B).

Figure 2  Representative regions of 2-DE patterns of more
matched esophageal cancer sera. One hundred and eighty
microgram of protein was separated by 2-DE (IEF at pH 3-10,
SDS-PAGE 13 %) and stained by silver staining. LMW mark-
ers were from Amersham Pharmacia. (A) pre-surgery sera vs
post-surgery sera, (B) pre-surgery sera vs normal control sera.

Figure 3  The spectra of MALDI-TOF-MS obtained from one of
the differentiated polypeptide spots matched with the tryptic
peptide sequences of clusterin (characters in red).
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Loss of clusterin in tumor epithelium
Immunoblot analysis of clusterin expressed in patient-matched
normal and tumor epithelium from different ESCC individuals,
whose sera had been found with low level of clusterin was
performed. Using a commercially available antibody, clusterin
has also been found down-regulated at different ESCC tissues
(20/24), but absent in two kinds of cell lines of esophageal
squamous cell carcinoma, EC1 and EC2 (Figure 4A, B). At the
transcriptional level, clusterin was also found lower-expressed
in 88 % of esophageal cancer tissues (22/25) by semi-quantitative
RT-PCR (Figure 4C). The findings of tumor tissue and cell lines
were consistent with the findings of ESCC serum.

DISCUSSION
To identify the differentially secreted proteins or polypeptides
associated with tumorigenesis of esophageal squamous cell
carcinoma, we carried out differentially proteomic analysis of
human serum in two groups. First we compared the pre- and
post-surgery sera of ESCC patient to identify the differentiated
proteins from the same individuals. Second, the sera from the
disease (pre-surgery) and age- and gender-matched healthy
populations (normal control) had been analyzed through 2DE-
MS strategy. There were 3 protein spots quantitatively changed
between the two groups and were identified as clusterin, which
was completely loss or dramatically down-regulated in pre-
surgery serum of esophageal cancer compared with the post-
surgery and the healthy controls. In addition, clusterin was
also lost or decreased in tumor cell lines and tissues. Clusterin
has never been known to be associated with esophageal cancer.
This study reports identified clusterin as a candidate protein
of a tumor-associated serum marker in esophageal squamous
cell carcinoma via proteomic approaches for the first time.
     Clusterin, so-called the testosterone-repressed prostate
message-2[13], sulfated glycoprotein 2, complement-associated
protein SP-40, complement cytolysis inhibitor, a 80 kDa
heterodimeric highly conserved secreted glycoprotein
expressed in a wide variety of tissues and was found in all
human fluids. It responses to a number of diverse stimuli,
including hormone ablation and has been attributed functions
in several diverse physiological processes such as sperm
maturation, lipid transportation, complement inhibition, tissue
remodeling, membrane recycling, cell adhesion and cell-
substratum interactions, stabilization of stressed proteins in a
folding-competent state and promotion or inhibition of
apoptosis[14-16].

     Clusterin gene is differentially regulated by cytokines,
growth factors and stress- inducing agents, while another
defining prominent and intriguing clusterin feature is its
upregulation in many severe physiological disturbances states
and in several neurodegenerative conditions mostly related to
advanced aging[17-22]. Active cell death (ACD) in hormone-
dependent tissues such as the prostate and mammary gland is
readily induced by hormone ablation and by treatment with
anti-androgens or anti-estrogens, calcium channel agonists and
TGF beta[23]. Clusterin has been found up-regulated in several
cases of in vivo cancer progression and tumor formation
such as human prostate carcinomas[18,24], renal cell carcinoma
(RCC)[25,26], breast carcinoma[17], ovarian cancer[22], glioblastoma,
testicular tumor cells, the normal and cancerous endometrium,
hemangioma [21],  anaplastic large-cell lymphomas [20],
transitional cell carcinoma (TCC) of the bladder[27], as well as
hepatoma cells. Clusterin, on the other hand, is a membrane-
stabilizing protein that appears to be involved in limiting the
autophagic lysis of epithelial cells during apoptosis. Recent
studies have shown the clusterin expression mediates
antiapoptotic activity against a wide variety of stimuli[28] and
using antisense oligonucleotides of clusterin, also could
enhance androgen sensitivity and chemosensitivity in prostate
cancer therapy[29]. On the other hand, it has recently been shown
that decreased synthesis and delayed processing of clusterin
in testicular germ cell tumors, colorectal cancer[16,30] and human
polycystic kidneys cells[31,32]. However, there is no definitive
biochemical evidence to support a specific function for clusterin
except for its role in the modulation of the immune system
and the functional roles of clusterin are still enigmatic.
     A robust antigen capture assay for the measurement of
serum clusterin concentrations has been developed and
validated for increased clusterin expression, and alterations
in serum clusterin levels associated with a number of disease
states[33]. Whether the decrease of clusterin in pre-surgery serum
is a predictor of ESCC progression and prognosis, still need
more efforts to address and the molecular mechanisms of
clusterin implicated in tumorigenesis needs to be elucidated.
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Abstract
AIM: To appraise the correlation of mutation and methylation
of hMSH1 with microsatellite instability (MSI) in gastric cancers.

METHODS: Mutation of hMLH1 was detected by Two-
dimensional electrophoresis (Two-D) and DNA sequencing;
Methylation of hMLH1 promoter was measured with
methylation-specific PCR; MSI was analyzed by PCR-based
methods.

RESULTS: Sixty-eight cases of sporadic gastric carcinoma
were studied for mutation and methylation of hMLH1 promoter
and MSI. Three mutations were found, two of them were
caused by a single bp substitution and one was caused by a
2 bp substitution, which displayed similar Two-D band pattern.
Methylation of hMLH1 promoter was detected in 11(16.2 %)
gastric cancer. By using five MSI markers, MSI in at least one
locus was detected in 17/68(25 %) of the tumors analyzed.
Three hMLH1 mutations were all detected in MSI-H ( 2 loci,
n=8), but no mutation was found in MSI-L (only one locus,
n=9) or MSS (tumor lacking MSI or stable, n=51). Methylation
frequency of hMLH1 in MSI-H (87.5 %, 7/8) was significantly
higher than that in MSI-L (11.1 %, 1/9) or MSS (5.9 %, 3/51)
(P<0.01-0.001), but no difference was found between MSI-L
and MSS (P>0.05).

CONCLUSION: Both mutation and methylation of hMLH1
are involved in the MSI pathway but not related to the LOH
pathway in gastric carcinogenesis.

Fang DC, Wang RQ, Yang SM, Yang JM, Liu HF, Peng GY, Xiao
TL, Luo YH. Mutation and methylation of hMLH1 in gastric
carcinomas with microsatellite instability. World J Gastroenterol
2003; 9(4): 655-659
http://www.wjgnet.com/1007-9327/9/655.htm

INTRODUCTION
Our previous studies indicated that genetic instability may play
an important role in gastric carcinogenesis[1]. There are at least
two distinct genetic instabilities in gastric tumorigenesis: one
is the chromosomal instability (or suppressor pathway) and
the other is microsatellite instability (or MSI pathway). In the

former, perhaps including tumors with low-frequency MSI
(MSI-L) as well as microsatellite stable (MSS), accumulation
of loss of tumor suppressor genes such as p53, Rb, APC, MCC
and DCC play an important role in their carcinogenesis;
whereas in the latter, consisting of a small subset of gastric
cancer with high-frequency MSI  (MSI-H), defective repair of
mismatched bases results in an increased mutation rate at the
nucleotide level, and the consequent widespread MSI[2-4].
      Mismatch repair is required for the cell to accurately copy
its genome during cellular proliferation. Deficiencies of this
system result in mutation rates 100-fold greater than those
observed in normal cells[5]. MSI is a hallmark of mismatch
repair gene (MMR)-deficient cancers. MSI in tumors from
patients with hereditary non-polyposis colorectal cancer
(HNPCC) is caused by germline mutations in MMR genes,
principally hMSH2 and hMLH1[6-10]. In contrast, somatic
mutations in MMR genes are relatively rare in sporadic MSI+
colon cancers[9,11]. Rather, the majority of negative mutation,
MSI+ cases involve hypermethylation of the hMLH1 promoter
and subsequent lack of expression of hMLH1[12-16]. The details
of the mechanisms of this epigenetic gene silencing remain to
be elucidated in gastric cancer. The aim of this study was to
define the mutation and methylation of hMLH1 in gastric
carcinomas with MSI.

MATERIALS AND METHODS

Tissue samples
Sixty-eight cancer and corresponding normal tissues were
obtained from surgically resected gastric carcinoma in our
hospital. Each specimen was frozen immediately and stored at
-80  until analyzed. A 5 µm section was cut from each tissue
and stained with hematoxylin/eosin in order to ascertain
whether the cancer cells in the tissues were predominant or
not. Genomic DNA was isolated by standard proteinase-K
digestion and phenol-chloroform extraction protocols. Of the
68 patients with gastric cancer, 45 were men and 23 were
women with an age range of 30-76 years (a mean of 56.2 years
at diagnosis). None of the patients included in the present series
had a family history suggestive of HNPCC or had received
chemotherapy or radiation therapy.

hMLH1 mutation analysis
PCR and heteroduplexing  Primer pairs for long-chain and
short-chain PCR and GC-clamped primers used were shown
in Table 1[17]. PCR reactions were carried out in 50 µl reactions
in thin-walled tubes in a Perkin-Elmer 2 400 thermocycler. A
total of 200-400 ng of genomic DNA, varying concentrations
of each primer, and the LA PCR kit (TaKaRa, Otsu, Shiga,
Japan) were used for long PCR. Final concentrations of each
LA PCR primer pair were as follows: hMLH1-4F and hMLH1-
4R, 0.16 µM each; hMLH5-10F and hMLH5-10R, 0.125 µM
each; hMLH11-13F and hMLH11-13R, 0.094 µM each; and
hMLH14-19F and hMLH14-19R, 0.125 µM each. The
reactions were carried out according to the manufacturer’s
instructions. In brief, the conditions were as follows: a hot
start of 94  for 2 min, with the addition of Taq Pol in between,
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followed by eight cycles of 98 ×20 sec, 69 ×1 min (with
decrements of 0.5 /cycle), and 68 ×12 min; six cycles of
96 ×20 sec, and 68 ×12 min; 16 cycles of 96 ×20 sec,
and 68 ×12 min (with increments of 15 sec/cycle), and finally
a chain extension of 72  for 10 min.

Table 1  Primer information for long and short PCR for HMLH1

A. Primer pairs for long-distance PCR

Exons 1-4
  MLH1-4F GCG.GCT.AAG.CTA.CAG.CTG.AAG.GAA.GAA.CGT.GAa

  MLH1-4R GGC.GAG.ACA.GGA.TTA.CTC.TGA.GAC.CTA.GGC.CC
Product size-10.8kb
Exons5-10
  MLH5-10F GCG.CCC.CTT.GGG.ATT.AGT.ATC.TAT.CTC.TCT.ACT.GG
  MLH5-10R GCG.CTC.ATC.TCT.TTC.AAA.GAG.GAG.AGC.CTG
Product size-10.5kb
Exons11-13
  MLH11-13F CGG.CTT.TTT.CTC.CCC.CTC.CCA.CTA.TCT.AAG.G
  MLH11-13R GGG.TTA.GTA.AAG.GAA.GAG.GAG.CTT.GCC.C
Product size-8.7kb
Exons14-19
  MLH14-19F GGT.GCT.TTG.GTC.AAT.GAA.GTG.GGG.TTG.GTA.G
  MLH14-19R GCG.CGC.GTA.TGT.TGG.TAC.ACT.TTG.TAT.ATC.ACA.C
Product size=10.5kb
B. Primer pairs for short PCR

Exon   Clampb  Product size     Tm
c        Primer sequence

1   5 258      64.13       GCA.CTT.CCG.TTG.AGC.ATC
40       CCG.TTA.AGT.CGT.AGC.CCT

2 40 187      38.14       ATA.AAT.TAT.TTT.CTG.TTT
      CAT.CCT.GCT.ACT.TTG.AGG

3 40 237      32.22       GGA.AAA.TGA.GTA.ACA.TGA
  2       TGT.CAT.CAC.AGG.AGG.ATA

4   2 218      36.26       ACC.CAG.CAG.TGA.GTT.TT
40       GCC.CAA.AAT.ACA.TTT.CAG

5 40 170      30.19       ATA.TTA.ATT.TGT.TAT.ATT
      CAA.TTT.ACT.CTC.CCA.TGT

6 40 228      35.58       TTT.CAA.GTA.CTT.CTA.TGA
      ACT.TTG.TAG.ACA.AAT.CTC

7 194      30.88       GAC.ATC.TAG.TGT.GTG.TTT
40       CCC.CTT.TTT.TCT.TTT.CAT

8   5 213      42.21       GAC.AAT.AAA.TCC.TTG.TGT
50       AAG.ATT.TTT.TTA.TAT.AGG

9 40 249      33.73       TTT.GAG.TTT.TGA.GTA.TTT
      TGG.GTG.TTT.CCT.GTG.AGT

10 50 240      41.47       CAC.CCC.TCA.GGA.CAG.TTT
      ACA.TCT.GTT.CCT.TGT.GAG

11.1 50 145      40.58       AGG.TAA.TTG.TTC.TCT.CTT
      GAA.GTG.AAC.TTC.ATG.CTT

11.2 40 224      60.81       TCC.CAA.GAA.TGT.GGA.TGT
  2       AAA.GGC.CCC.AGA.GAA.GTA

12.1 40 184      44.53       TTT.TTT.TTT.TTT.TAA.TAC.A
      AAT.CTG.TAC.GAA.CCA.TCT

12.2   8 366      53.23       TGG.AAG.TAG.TGA.TAA.GGT
40       TGT.ACT.TTT.CCC.AAA.AGG

13 40 272      49.06       ATC.TGC.ACT.TCC.TTT.TCT
      AAA.ACC.TTG.GCA.GTT.GAG

14 45 235      48.94       TAC.TTA.CCT.GTT.TTT.TGG
  5       GTA.GTA.GCT.CTG.CTT.GTT

15 40 179      29.97       CAG.CTT.TTC.CTT.AAA.GTC
      CAG.TTG.AAA.TGT.CAG.AAG

16 261      47.56       CTT.GCT.CCT.TCA.TGT.TCT.TG
40       AGA.AGT.ATA.AGA.ATG.GCT.GTC

17 40 199      47.01       ATT.ATT.TCT.TGT.TCC.CTT
      AAT.GCT.TAG.TAT.CTG.CCT

18 45 215      46.67       CCT.ATT.TTG.AGG.TAT.TGA.AT
      GCC.AGT.GTG.CAT.CAC.CA

19 282      43.43       TGT.TGG.GAT.GCA.AAC.AGG
40       ATC.CCA.CAG.TGC.ATA.AAT

aUnderlined nucleotides represented nucleotides added to

modify the melting temperatures of the primers. bGClampsm
are: 50clamp,CGC.CCG.CCG.CCG.CCC.GCC.GCG.CCC.CGC.
GCC.CGT .CCC.GCC.GCC.CCC.GCC.CG; 45 GC clamp, CGC.
CCG.CCG.CGC.CCC.CGC.CCC.GTC.CCG.CCG.CCC.CCG.
CCC.GGC.CCG;  40 clamp, CGC.CCGCCG.CGC.CCC.GCG.
CCC.GGC.CCG.CCG.CCC.CCG.CCC.G; 8 clamp, CGT.CCC.
GC; 5 clamp, GCG. CG; 2 clamp,CG; cTM is given in %UF.

     After checking and visualizing the long PCR products on a
0.8 % agarose gel, 1µl of the long PCR amplicons was used as
template for subsequent extensive multiplex short PCR. The
short PCR was performed in two multiplex groups of 11 and
10 amplicons, respectively. The final concentrations of each
primer were shown in Table 2. The final concentrations of the
PCR mix included 1×PCR buffer, 7 mM MgCl2, and 0.25 mM
each dNTP. Cycling conditions included a hot start of 3 min at
94  with the Taq Pol added after 2 min, followed by five
cycles of 94 ×1 min, 52 ×45 sec (decrements of 1 /
cycle), and 72 ×1 min; 15 cycles of 94 ×1 min, 48 ×45
sec, and 72 ×1 min, 30 sec (with increments of 2 sec/cycle);
15 cycles of 94 ×1 min, 38 ×45 sec, and 72 ×1 min 30
sec. Each PCR reaction was teminated with a round of
heteroduplexing: 72 ×10 min, 98 ×10 min, 45 ×30 min,
and finally 37 ×30 min. Each tube reaction was directly
mixed with 1/10 volume of 10×loading buffer, 6.5 µl of
multiplex group I and 8.5 µl of multiplex group II were loaded
onto a slab gel for size separation.

Table 2  Multiplex groups for short PCR

Multipex group I Multipex group II

Exon Final concentration Exon    Final concentration

11.1         0.375 µM    5 1.5 µM

15         0.5 µM    2 1.25 µM

12.1         0.375 µM    7 1.75 µM

17         0.5 µM    4 1.625 µM

  8         0.375 µM  11.2 0.5 µM

18         1.25 µM    6 1.625 µM

14         1.25 µM    9 1.5 µM

  3         0.625 µM    1 1.25 µM

10         0.625 µM  13 1.625 µM

16         1.0 µM  12.2 0.325 µM

19         1.75 µM

Two-dimensional electrophoresis  For two-dimensional
electrophoresis, the DGGE instrument was from CBS Scientific
Co. (Solana Beach, CA. Amplicons from each of the two
mult iplex react ions were mixed and subjected to
electrophoresis in 0.5×TAE (Tris-Acetate EDTA). A 10 %
polyacrylamide, 0.75 mm thick slab gel was used, the
amplicons were fractionated at 140V for 7.5hr at 50 . The
separation pattern was detected by SYBR green staining and
UV-transillumination of the slab gel. The 120-to 420-bp region
in the middle of each lane was quickly cut out and applied to a
1mm thick DGGE gel.
     The DGGE gel was prepared as a 1 mm thick slab gel with a
10-6.5 % reverse polyacrylamide gradient containing 25-70 %
urea/formamide (UF) and 3-9 % glycerol gradients.
Electrophoresis was carried out for 16 hr at 56  and 90-110V.
After electrophoresis, the gels were stained with SYBR-green I
and II for 30 min. The DGGE band patterns were detected and
documented with a gel documentation system (Oncor,
Gaithersburg, MD).
Sequence analysis  Amplicons were prepared by PCR such
that a standard M13 primer site was incorporated at one end.
These products were sequenced on an ABI 377 sequencer (Foster



City, CA) with kits containing Taq FS DNA polymerase and
dye primer technology, as recommended by the manufacturer.

hMLH1 methylation analysis
DNA methylation patterns in the CpG islands of hMLH1 gene
were determined by Methylation-specific PCR(MSP) as
described[18]. The primer sequences of hMLH1 for unmethylated
reaction were 5’-TTTTGATGTAGATGTTTTATTAGGGTTGT-
3’(sense) and 5’-ACCACCTCAT CATAACTACCCACA-3’
(antisense),  and for methylated reaction were 5’-
ACGTAGACGTTTTATT AGGGTCGC-3’ (sense) and 5’-
CCTCATCGTAACTACC CGCG-3’ (antisense).

MSI detection
MSI analyses included five microsatellite markers: BAT25,
BAT26, BAT40, D2S123, and D5S346. PCR was performed
as previous described[1]. MSI was defined as the presence of
band shift in the tumor DNA that was not present in the
corresponding normal DNA. Based on the number of mutated
MSI markers in each tumor, carcinomas were characterized as
MSI-H if they manifested instability in two or more markers,
MSI-L if unstable in only one marker, and MSS if they showed
no instability in any marker[19,20].

Statistical analysis
Chi-square test with Yates’ correction were used. A P value <0.05
was considered significant.

RESULTS
MSI in gastric cancer
Alterations of electrophoretic patterns of PCR products of five
microsatellite markers were compared between the tumor and
the normal DNA in each patient (Figure 1). MSI affecting at
least one locus was observed in 17 (25 %) of 68 tumors, among
which eight (11.8 %) were MSI-H, nine (13.2 %) were MSI-
L, and fifty-one (75 %) were MSS.

Figure 1  MSI in gastric cancer using 5 microsatellite loci (BAT-
25, BAT-26, BAT-40, D2S123, and D5S346). Arrows indicate
variant conformers. N: normal DNA pattern; T: tumor speci-
mens containing variant conformers representing MSI.

hMLH1 mutation and MSI
Mutations and sequence alteration in various exons manifested
as the four-spot pattern denoting a heterozygous variant (Figure
2). We found three mutations in 68 (4.4 %) gastric cancer by
DNA sequencing. Two mutations were caused by a single bp
substitution (exon 8 at codon 226, CGG CTG, Arg Leu;
exon 9 at codon 252, TCA TTA, Ser Phe);. One identical
change was caused by a 2 bp substitution (exon 12 at codon
409, CAG CGT, Gln Arg), which displayed similar DGGE
band pattern. A comparison of MSI status with hMLH1
mutation was shown in Table 3. Three hMLH1 mutations were
all detected in MSI-H, but no mutation was found in MSI-L or
MSS.

Figure 2  Detection of mismatching repair gene hMLH1 muta-
tion in gastric cancer by two-dimentional DNA electrophoresis.
Four-band pattern was observed at exon 8.

Table 3  The relevance of MSI and hMLH1 mutation

MSI Status       No.of cases hMLH1 mutation

MSI-H   8 3
MSI-L   9 0
MSS 51 0

hMLH1 methylation status and MSI
To examine methylation of promoter region of hMLH1, we
adapted MSP for the 5’ CpG islands in this gene. The region
chosen spaned the area of greatest CpG density immediately
5’ to the transcription starting site, in an area previously
studied for methylation changes[15]. In gastric mucosal samples
without cancer, only unmethylated hMLH1 genes were
present. Eleven of 68 (16.2 %) gastric cancers exhibited
prominent methylation, which always had both methylated
and nonmethylated hMLH1 genes (Figure 3). A comparison
of MSI status with hMLH1 methylation status was shown in
Table 4. Seven of 8 (87.5 %) cancers with MSI-H exhibited
prominent methylation, whereas methylated hMLH1 gene
was only found in 1/9 (11.1 %) gastric cancer with MSI-L
and 3/51 (5.9 %) with MSS, suggesting that hMLH1
methylation was more correlated with gastric cancers with
MSI -H than that with MSI -L or with MSS (P<0.01-0.001).

Figure 3  Methylation of hMLH1 in gastric cancer. A: No me-
thylation was found in normal mucosa; B: Methylation of
hMLH1 in MSI-H gastric cancer. Cases 1, 3 showed both
hypermethylation and unmethylation; C: Methylation of
hMLH1 in MSI-L gastric cancer. Case 3 showed both
hypermethylation and unmethylation; U: Unmethylation; M:
methylation.

Table 4  The relevance of methylation of  hMLH1 and MSI

MSI status   Unmethylated             Hypermethylation(%)

MSI-H   1 7(87.5)

MSI-L   8 1(11.1)b

MSS 48 3(5.9)d

bP<0.01; dP<0.001 vs MSI-H group.
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DISCUSSION
A significant portion of gastric cancers exhibit defective DNA
mismatch repair, manifested as MSI. There is now evidence
that MSI cancer comprises distinctive MSI-H and MSI-L
categor ies [21-23].  MSI-H cancers a re  d is t ingushed
clinicopathologically and in their spectrum of genetic
alterations from cancers showing MSI-L and MSS cancers[24-34].
Our previous studies indicated that MSI-H gastric cancers often
showed lower frequency of LOH in APC, MCC and DCC genes
than do MSI-L and MSS cancers[1]. In the present study, all
three hMLH1 mutations were detected in MSI-H, but no
mutation was found in those showing MSI-L or MSS. This
result further indicates that hMLH1 is mutational target in MSI
-H tumor cells and supported the notion that MIS-H tumors
identified an alterative pathway of tumorigenesis that had been
proposed by Vogelstein and co-workers[35].
     Human cancers with MSI-H phenotype develop due to
defects in DNA mismatch repair genes. Silencing of a DNA
mismatch repair gene, hMLH1 gene, by promoter hypermethylation
is a frequent cause of MSI-H phenotype[36-42]. In this study, 11
(16.2 %) of 68 gastric cancers exhibited prominent hMLH1
methylation, which is similar to previous studies[36]. It has been
reported that MSI-H is related to methylation of the hMLH1
promoter but not hMSH1 mutations in sporadic gastric
carcinomas[43]. It was also found that MSI-L gastric carcinomas
share the hMLH1 methylation status of MSI-H carcinomas
but not their clinicopathological profile[44]. In this study, 7/8
(87.5 %) cancers with MSI-H exhibited prominent methylation
of the hMLH1 promoter, suggesting that methylation of the
hMLH1 promoter is correlated with MSI-H gastric cancer. The
frequency of methylation in MSI-H cancers is significantly
higher than that in cancers with MSI-L and MSS, however no
difference was found between cancers with MSI-L and MSS,
indicating that MSI-H tumors identify a different methylation
pathway from cancers with MSI-L and MSS, and MSI-L cancers
involves the same methylation pathway as MSS tumors. This
finding is in agreement with our recently published data on
molecular pathway in the gastric carcinogenesis[2].
      It has been found that colorectal cancer cell lines only had
methylated hMLH1 genes, but had absent unmethylated
hMLH1 genes[45]. In the present study, unlike the situation with
the cell lines, however, the primary MSI+ gastric cancers
always had both methylated and nonmethylated hMLH1 genes.
It is likely that a significant fraction of the unmethylated genes
is derived from the non-neoplastic cells (stromal, inflammatory,
vascular, etc.), which are invariably present within the primary
tumors but are not found in cultured cell lines. It has been
reported that methylation of the hMLH1 promoter correlates
with lack of expression of hMLH1 in sporadic colon tumors
and mismatch repair-defective human tumor cell lines[13].
whereas demethylation of hMLH1 promoter results in
reexpression of hMLH1 in tumor cells tested. Not only was
the protein expressed, but MMR activity was restored. DNA
methylation is a fundamental feature of the genomes and the
control of their functions therefore it is a candidate for
pharmacological manipulation that might have important
therapeutic advantage.
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Abstract
AIM: To evaluate the effects of tributyrin, a pro-drug of natural
butyrate and a neutral short-chain fatty acid triglyceride, on
the growth inhibition of human gastric cancer SGC-7901 cell.

METHODS: Human gastric cancer SGC-7901 cells were
exposed to tributyrin at 0.5, 1, 2, 5, 10 and 50 mmol·L-1 for
24-72 h. MTT assay was applied to detect the cell proliferation.
[3H]-TdR uptake was measured to determine DNA synthesis.
Apoptotic morphology was observed by electron microscopy
and Hoechst-33258 staining. Flow cytometry and terminal
deoxynucleotidyl transferase-mediated dUTP nick end labeling
(TUNEL) assay were performed to detect tributyrin-triggered
apoptosis. The expressions of PARP, Bcl-2 and Bax were
examined by Western blot assay.

RESULTS: Tributyrin could initiate growth inhibition of SGC-
7901 cell in a dose- and time-dependent manner. [3H]-TdR
uptake by SGC-7901 cells was reduced to 33.6 % after 48 h
treatment with 2 mmol·L-1 tributyrin, compared with the
control (P<0.05). Apoptotic morphology was detected by TUNEL
assay. Flow cytometry revealed that tributyrin could induce
apoptosis of SGC-7901 cells in dose-dependent manner. After
48 hours incubation with tributyrin at 2 mmol·L-1, the level of
Bcl-2 protein was lowered, and the level of Bax protein was
increased in SGC-7901, accompanied by PARP cleavage.

CONCLUSION: Tributyrin could inhibit the growth of gastric
cancer cells effectively in vitro by inhibiting DNA synthesis
and inducing apoptosis, which was associated with the down-
regulated Bcl-2 expression and the up-regulated Bax
expression. Therefore, tributyrin might be a promising
chemopreventive and chemotherapeutic agent against
human gastric carcinogenesis.

Yan J, Xu YH. Tributyrin inhibits human gastric cancer SGC-
7901 cell growth by inducing apoptosis and DNA synthesis arrest.
World J Gastroenterol  2003; 9(4): 660-664
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INTRODUCTION
Gastric cancer is one of the most common causes of

malignancy-related death worldwide. In China, the annual
average mortality rate of gastric carcinoma is as high as 16 per
100 thousand[1]. Environmental factors, diet that is high in salts
and low in fresh fruit and vegetables are regarded as the risk
of stomach cancer[2-6]. Although plenty of advances have been
made in the gastrointestinal medicine, the inability to diagnose
early and treat effectively of the gastric cancer remains an
unsolved problem for clinicians[7-23].
     Chemoprevention and chemotherapy including the use of
natural products, synthetic compounds or dietary substances
are promising ways to stop or reverse the process of
carcinogenesis[24]. Large number of minor dietary components
has been found to inhibit carcinogenesis at various stages[25].
Tributyrin is a neutral short-chain fatty acid triglyceride existed
in some spice plants at low levels in nature[26], and has been
approved as a food additive in the United States[27]. Tributyrin
is also a pro-drug of natural butyrate synthesized by the
bacterial fermentation of various complex carbohydrates
unabsorbed in the digestive tract[28] and has been reported
bearing anti-tumor effect on neoplastic cells[27, 29, 30] as well as
inhibiting proliferation and stimulating differentiation in
multiple cancer cell lines. Most importantly, tributyrin is more
lipophilic compared with the butyrate and can be metabolized
by the intracellular lipases, progressively releasing
therapeutically effective butyrate directly in the cell[26, 31].
However, the underlying mechanisms of tributyrin against
different types of tumor remain to be understood and so far,
the effect of tributyrin on gastric cancer cells has not been
reported yet.
      In this study, we are trying to evaluate the ability of tributyrin
to inhibit cell proliferation, arrest DNA synthesis and induce
apoptosis in human gastric cancer SGC-7901 cells and go
further into some apoptosis-related events in these processes.

MATERIALS AND METHODS
Cell lines and reagents
Human gastric cancer cell line SGC-7901 was provided by
the Cell Bank of Shanghai Institute of Cell Biology, Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM; Life
Technologies Inc., Grand Island, NY) supplemented with 10 %
fetal calf serum (FCS; Life Technologies Inc., Rockville, MD),
penicillin (100 kU·L-1) and streptomycin (0.1 g·L-1) at 37  in
a 5 % CO2-95 % air atmosphere. Antibodies against Bax, Bcl-
2, PARP, and Actin were obtained from Santa Cruz. Other
chemicals used in the study were purchased from Sigma
Chemical Co (St. Louis, MO, USA). In situ cell death detection
kit was purchased from Roche Diagnostics. [3H]-TdR was
obtained from Amersham Company.

Assessment of cell proliferation
MTT assay was conducted to determine the cell proliferation.
SGC-7901 cells were seeded in a 96-well plate (1×104·well-1)
as described previously[32]. In brief, after 24 h incubation cells
were treated with tributyrin for three days and untreated cells
served as a control. Prior to the determination, 5 µL of the 2.5
g·L-1 stock solution of 3-[4,5-dimethylthiaolyl]-2,5-diphenyl-



tetrazolium bromide (MTT) was added to each well. After 4
h incubation, the culture media were discarded followed by
addition of 100 µL of DMSO to each well and vibration for
10 min. The absorbance (A) was measured at 492nm with a
microplate reader. The percentage of viable cells was
calculated as follows:(A of experimental group/A of control
group)×100 %.

[3H]-TdR incorporation
The cells were treated with 2 mmol·L-1 Tributyrin for the
indicated time as described previously[33]. 74kBq of [3H]-TdR
were added to cells 3 h before the end of the culture. Cells were
then washed with ice-cold PBS and 5 % trichloroacetic acid and
lyzed in 0.25 mol·L-1 NaOH. The lysates were neutralized with
3 mol·L-1 HCl and [3H]-TdR uptake was measured with Beckman
LS5000 TD liquid scintillation counter.

Transmission electron microscopy
The cultured cells treated with 2 mmol·L-1 tributyrin for 48 h
were trypsinized and harvested, respectively. Subsequently the
cells were immersed with Epon 821, embedded in capsules
and converged at 60  for 72 h, then they were prepared into
ultrathin section (60 nm) and stained with uranyl acetate and
lead citrate. Cell ultrastructure was examined by transmission
electron microscopy.

Morphological change of apoptosis
The morphological changes of cell apoptosis were determined
under fluorescence microscope. Briefly, the experimental cells
were pelleted and fixed in 200 ml·L-1 ethanol/phosphate-
buffered saline (PBS), stained with 5 mg·L-1 Hoechst-33258
for 10min at room temperature, then visualized under
fluorescence microscope.

TUNEL assay
Apoptosis of SGC-7901 cells was analyzed by using in situ
cell death detection kit. The method is essentially based on the
terminal deoxynucleotidyl transferase-mediated dUTP nick end
labeling (TUNEL) technique. In brief, after cells were treated
with or without tributyrin for the indicated time, they were
fixed overnight in 100 g·L-1 formaldehyde, then treated with
proteinase K and H2O2, labeled with fluorescein dUTP in a
humid box at 37  for 1 h and visualized under fluorescence
microscope. The cells without addition of TdT enzyme were
used as negative control.

Flow cytometry
After harvested, the experimental cells were washed with PBS
twice and fixed with 700 mL·L-1 ethanol at 4  overnight.
The fixed cells were washed twice with PBS and stained with
800 µL propidium iodide and 200 µL deoxyribonulcease-free
ribonuclease A in PBS. The fluorescence density of propidium
iodide-stained nuclei was determined by flow cytometry.

Western blot analysis
The experimental cells were lysed in lysis buffer [25 mmol·L-1

HEPES, 1.5 % Triton X-100, 1 % sodium deoxycholate, 0.1 %
SDS, 0.5 mol·L-1 NaCl, 5 mmol·L-1 EDTA, 50 mmol·L-1 NaF,
0.1 mmol·L-1 sodium vanadate, 1 mmol·L-1 phenylmethylsulfonyl
fluoride (PMSF), and 0.1 g·L-1 leupeptin (pH7.8)] at 4  with
sonication. The lysates were centrifuged at 15 000 g for 15 min
at 4  and the proteins were separated on SDS-PAGE,
transferred to nitrocellulose filter and incubated with antibodies
against Bcl-2, Bax, PARP, and Actin, respectively. Then the
membrane was incubated with peroxidase-conjugated
secondary antibodies. Detection was performed with enhanced
chemiluminescence reagent.

Statistical analysis
Student’s t test was used to assess statistical significance of
differences. If P<0.05, the difference was considered
statistically significant.

RESULTS
Inhibition of human gastric cancer SGC-7901 cell proliferation
by tributyrin
The experimental SGC-7901 cells were treated with various
concentrations of tributyrin for 1-3 days and the cell viability
was determined as described above by MTT assay. As shown
in Figure 1, tributyrin could inhibit the growth of gastric cancer
cells in a dose- and time-dependent manner. Cell growth was
suppressed by 24.9 %, 36.6 %, 50.3 %, 60.6 %, 84.1 % and
91.3 % after 72 h treatment with tributyrin at 0.5, 1, 2, 5, 10
and 50 mmol·L-1, respectively. It was noted that tributyrin at
50 mmol·L-1 had an inhibitory effect of more than 90 % on the
tumor cell growth after 48-72 h treatment. The IC50 value of
tributyrin for SGC-7901 cell at 72 h was 2 mmol·L-1.

Figure 1  Effect of tributyrin on cell growth in SGC-7901 cells.
The cells were treated with various concentrations of tribu-
tyrin for 24, 48 and 72 h. The antiproliferative effect was mea-
sured by MTT assay. Results were expressed as the means ±SD
from three independent determinations.

DNA synthesis arrest by tributyrin
Since the IC50 value of tributyrin was 2 mmol·L-1, the
concentration was used for the following assay. Tributyrin
inhibited the [3H]-TdR uptake by SGC-7901 cells in a time-
dependent manner. Compared with the control, the DNA
synthesis of tumor cells was significantly reduced by 66.4 %,
92.2 % and 90.1 % after 48 h, 72 h and 96 h treatment with
tributyrin, respectively, (P<0.05, Figure 2).

Figure 2  Inhibitory effect of tributyrin on DNA synthesis in-
corporated with 3H-TdR. With the concentration of 2 mmol·L-1,
tributyrin inhibited the [3H]-TdR uptake by SGC-7901 cells in
a time-dependent manner. Results were expressed as means
±SD from three independent determinations.
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Tributyrin induction of apoptosis
Morphological changes  After 48 h of exposure to tributyrin,
gastric cancer cells began to show morphologic features of
apoptosis, which manifested as cell shrinkage, chromatin
condensation and nuclear pyknosis, etc by transmission
electron microscopy (Figure 3). The tributyrin-treated SGC-
7901 cells labeled with Hoechst-33258 also showed apoptotic
features including nuclear shrinkage or fragmentation by
fluorescence microscopy (Figure 4).

Figure 3  Ultrastructural changes of the gastric cancer cells
treated with 2 mmol·L-1 tributyrin for 48 h. (A) The control SGC-
7901 cell; (B) the experimental cell showing early changes of
apoptosis in which nuclear chromatin condensation and cell
shrinkage were observed (B).

Figure 4  Tributyrin-induced apoptosis in SGC-7901 cells
stained with Hoechst-33258. A: the control SGC-7901 cells; B:
the experimental cells showing nuclear shrinkage or
fragmentation.

Figure 5  Tributyrin-induced apoptosis by TUNEL assay. A: the
positive control cells; B: the negative control cells; C: the experi-
mental cells treated with tributyrin at 2 mmol·L-1 for 2 days.

Figure 6  Tributyrin-induced apoptosis in SGC-7901 cells by flow
cytometry. (A) The control cells, (B)-(D) The experimental cells
treated with tributyrin at 0.5, 2 and 10 mmol·L-1 respectively for
48 h. (E) Apoptosis rates in SGC-7901 cells treated with 0.5, 2
and 10 mmol·L-1 or without tributyrin for the indicated times.

662                   ISSN 1007-9327          CN 14-1219/ R         World J Gastroenterol    April 15, 2003   Volume 9   Number 4

A

B

A

B

A

B

C

A C

B D

Co
un

ts

0    50  100  150  200  250

800

0

FL2-Area

apoptosis   AP:5.79 %

Co
un

ts

0    50  100  150  200  250

800

0

FL2-Area

apoptosis   AP:27.97 %

Co
un

ts

0    50  100  150  200  250

800

0

FL2-Area

apoptosis   AP:61.82 %

Co
un

ts

0    50  100  150  200  250

800

0

FL2-Area

apoptosis   AP:8.57 %

E

Ap
op

to
si

s 
(%

)

0         0.5          2          10

80

70

60

50

40

30

20

10

0

Concentration (mM)

24h
48h
72h



TUNEL assay
The TUNEL assay revealed that tributyrin could induce the
apoptosis of SGC-7901 cells, while the negative control did
not show any signs of fluorescence signals (Figure 5).

Flow cytometry
Cell cycle analysis in SGC-7901 cells treated with tributyrin
revealed that a sub-G1 apoptotic peak appeared (Figure 6).
The apoptosis rate in tributyrin-treated tumor cells was
increased in a time- and dose-dependent manner. When treated
with 2 mmol·L-1 tributyrin for 72 h, the experimental SGC-
7901 cells showed a 41.5 % of apoptosis.

Differential expression of Bcl-2 and Bax protein and PARP
cleavage in tributyrin-treated cells
After treated with indicated concentrations of tributyrin for
48 h, the expression of Bcl-2 protein was markedly decreased
while that of Bax displayed an increased trend. PARP cleavage
in the experimental cells appeared at 0.5 mmol·L-1 and was
obvious at 2 mmol·L-1 of tributyrin treatment for 48 h (Figure 7).

Figure 7  The expression of Bcl-2, Bax protein and PARP cleav-
age in tributyrin-treated SGC-7901 cells. (1) The control cells;
(2)-(4) The experimental cells treated with tributyrin for 48 h
at 0.5, 2 and 10 mmol.L-1, respectively.

DISCUSSION
It has been reported tributyrin, a substance that naturally exists
in some foods, was a potent agent against various malignancies,
including colon and pancreas carcinomas, and that 1 mmol of
tributyrin could result in an inhibitory effect comparable with
3 mmol of butyrate[32,33]. The high lipophilic property and the
long duration in blood made tributyrin a promising anti-tumor
agent. However, the effects of tributyrin on gastric cancer cells
have not been reported.
      The present study demonstrated that tributyrin could inhibit
the growth of human gastric cancer SGC-7901 cells in a dose-
and time-dependent manner, which might be caused by DNA
synthesis arrest as shown in our experiment via preventing
SGC-7901 cells from progressing into S-phase and ultimately
blocking the cell proliferation. The inhibition of DNA synthesis
was more than 90 % when SGC-7901 cells were treated with
tributyrin at 2 mmol·L-1 for 48-72 h.
     Besides DNA synthesis arrest, the induced cell death was
another major reason for the cell growth inhibition. Apoptosis,
also called programmed cell death, is a natural process of cell
suicide which plays a critical role in the development and
homeostasis of metazoans[34,35]. Our results that tributyrin could
induce apoptosis in SGC-7901 cells revealed by the typical
apoptotic alterations, including the morphological changes by
electron microscopy, positive Hoechst-33258 staining, DNA
fragmentation by TUNEL assay and apoptotic sub-G1 peak by
flow cytometry.

     Apoptosis is a complex process regulated by a variety of
factors[36-39]. The members of the Bcl-2 family are important
regulators in the apoptotic pathway with individual members
that can suppress (eg Bcl-2, Bcl-xl) or promote (eg Bax, Bad)
apoptosis. As an oncogene-derived protein, Bcl-2 confers a
negative control in the pathway of cellular suicide machinery,
whereas Bax, a Bcl-2-homologous protein, promotes cell death
by competing with Bcl-2. Introduction of Bcl-2 into most
eukaryotic cells has been reported to be able to protect the
recipient cell from a wide variety of stress applications that
lead to cell death[40, 41]. In the present study, we observed that
the expression of Bcl-2 was reduced and that of Bax was up-
regulated, indicating the reduced ratio of Bcl-2/Bax might serve
as a mechanism of SGC-7901 cells apoptosis induced by
tributyrin. Its subsequent event might be the release of
cytochrome c and caspase-3 activation. On the other hand, the
cleavage of PARP, one of caspase-3 downstream target[42], was
also observed in the experimental SGC-7901 cells with the
increase of tributyrin concentrations. However, PARP could
also be cleaved through a parallel caspase-3 independent
pathway. Therefore, the exact mechanism underlying the
apoptosis of SGC-7901 cells needed to be further investigated.
      In summary, we have demonstrated that tributyrin, an oral
analogue of butyrate, could induce DNA synthesis arrest and
apoptosis in human gastric cancer SGC-7901 cells in vitro.
The effect was dose- and time-dependent. The apoptotic
mechanism of the SGC-7901 cells induced by tributyrin was
at least via the reduction of Bcl-2/Bax ratio. These data
suggested that further evaluation of tributyrin, a promising anti-
tumor agent, for the treatment gastric cancer was warranted.
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Abstract
AIM: To study estrogen receptor (ER) and estrogen receptor
messenger RNA (ERmRNA) expression in gastric carcinoma
tissues and to investigate their association with the pathologic
types of gastric carcinoma.

METHODS: The expression of ER and ERmRNA in gastric
carcinoma tissues (15 males and 15 females, 42-70 years
old) was detected by immunohistochemistry and in situ
hybridization, respectively.

RESULTS: The positive rate of ER (immunohistochemistry)
was 33.3 % in males and 46.7 % in females. In Borrmann
IV gastric carcinoma ER positive rate was greater than that
in other pathologic types, and in poorly differentiated
adenocarcinoma and signet ring cell carcinoma the positive
rates were greater than those in other histological types of
both males and females (P<0.05). The ER was more highly
expressed in diffused gastric carcinoma than in non-diffused
gastric carcinoma (P<0.05). The ER positive rate was also
related to regional lymph nodes metastases (P<0.05), and
was significantly higher in females above 55 years old, and
higher in males under 55 years old (P<0.05). The ERmRNA
(in situ hybridization) positive rate was 73.3 % in males and
86.7 % in females. The ERmRNA positive rates were almost
the same in Borrmann I, II, III and IV gastric carcinoma
(P>0.05). ERmRNA was expressed in al l tubular
adenocarcinoma, poorly differentiated adenocarcinoma and
signet ring cell carcinoma (P<0.05). The ERmRNA positive
rate was related to both regional lymph nodes metastases
and gastric carcinoma growth patterns, and was higher in
both sexes above 55 years old but without statistical
significance (P>0.05). The positive rate of ERmRNA
expression by in situ hybridization was higher than that of
ER expression by immunohistochemistry (P<0.05).

CONCLUSION: ERmRNA expression is related to the
pathological behaviors of gastric carcinoma, which might
help to predict the prognosis and predict the effectiveness
of endocrine therapy for gastric carcinoma.

Zhao XH, Gu SZ, Liu SX, Pan BR. Expression of estrogen receptor
and estrogen receptor messenger RNA in gastric carcinoma
tissues. World J Gastroenterol  2003; 9(4): 665-669
http://www.wjgnet.com/1007-9327/9/665.htm

INTRODUCTION
Gastric carcinoma is the most common cause of cancer mortality
in China[1-6] and is responsible for approximately 160 000 deaths
annually. During the last 10 years, there has been no
improvement in survival after the diagnosis of gastric cancer
with an overall 5-year survival rate of 20 %. Surgery remains
the primary treatment of choice. However, the disease is often
advanced at first presentation, and only 30-40 % of patients
undergoing surgery will have a curative resection. The failure
of surgery on the disease has led to the use of chemotherapy
and radiotherapy as adjuvant or palliative means, but their value
is limited because of toxicity and lack of efficacy[7-12]. Since
Jensen discovered the existence of estrogen receptor (ER) in
the cytoplasm of human mammary cancer cells in 1960, many
researchers have also discovered the presence of ER in some
gastric cancer cells, suggesting that these cells can be controlled
and regulated by sex hormones. From this we can infer that
some cases of gastric cancer are hormone-dependent tumor, and
this has stimulated the use of the anti-estrogen compound in its
treatment. In this study, the expression of ER, ERmRNA in
gastric cancer tissues was examined by immunohistochemistry
and in situ hybridization, respectively, and the association of
their expression and clinical significance at molecular
pathological level was also investigated.

MATERIALS AND METHODS

Specimens
Thirty specimens of gastric cancer tissue were collected from
The General Surgical Department and The Tumor Surgical
Department of the First hospital of Xi’an Jiaotong University.
All the cases were pathologically proved to be gastric
carcinoma. Of the patients, 15 were females and 15 males.
Their age ranged from 42 to 70 and the average age was 58.4.
Pathologically 2 cases were papillary adenocarcinoma, 12
tubular adenocarcinoma, 13 poorly differentiated
adenocarcinoma, and 3 signet ring cell carcinoma. According
to Borrmann classfication, 6 cases were type I, 8 type II, 8
type III and another 8 type IV.

ERmRNA in situ Hybridization
The slides were treated with 3-amino propyltri-ethoxy saline
(APES) and with polylysine. The slides were deparaffinized,
hydrated and treated with 30 mL/L H2O2 at room temperature
for 10 minutes to eliminate the endogenous peroxidase. The
slides were incubated with freshly diluted protease K (1:1 000
with 0.01 mol/L Tris buffer saline (TBS)) at 37  for 5 to 15
minutes. After being washed with distilled water three times,
the slides were treated with 2 g/L glycine for 5 minutes,
washed with PBS for 5 minutes, fixed with 40 g/L
polymethanol for 30 minutes, and washed again with PBS
for 5 minutes, dehydrated with gradient alcohol, and then
washed with DEPC, treated with digoxin-labeled probe in
90-100  water for 5 to 10 minutes, and then taken out and
immediately put in shattered ice for 5 minutes. After the slides
became dry in the air, 10 µL in situ hybridization solution
containing digoxin-labeled probe was added onto each slide,
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and the hybridization was conducted in a humidified box for
20 hours. The slides were then washed twice with 2×SSC at
20-30  for 5 minutes and with 1×SSC at 37  for 10miutes,
incubated with mouse anti-digoxin at 20-37  for 30 minutes
and washed with 0.5 mol/L PBS three times, each for 2 minutes.
The slides were then incubated with anti-mouse biotin IgG at
20-37  for 20 minutes, washed with 0.5 mol/L PBS three
times, each for 2 minutes and again incubated with SABC at
20-37  for 20 minutes, washed with 0.5 mol/L PBS four
times, each for 5 minutes. The color reaction was developed
with the addition of DAB, and the slides were counter-stained
with hematoxylin and sealed with xylene.
    Negative control: No estrogen receptor probe in the
hybridization solution. The slices showed color directly without
any solution added. Hybridization solution was replaced by
reserve hybridization solution containing no probe.
    Positive control: The specimens from 3 women with
mammary cancer and 3 with ovarian cancer, all under 45 years
old, were collected and treated in the same way as in the gastric
cancer specimens.

ER Immunohistochemistry
Consecutive 5 µm thick sections were stained with HE and
by immunohistochemistry separately. The deparaffinized
sections were washed with PBS three times, soaked in 30
mL/L hydrogen dioxide solution for 10 minutes to eliminate
the endogenous peroxidase, washed with PBS three times,
digested with 10 g/L trypsin for 15 minutes (37 ), washed
with PBS three times, heated to 95  in pH 6.0 citric acid
buffer solution for 10 minutes before cooled down to room
temperature, and then washed three times with PBS, and then
blocked with serum (45 ). The sections were then incubated
with the first antibody (1:50) over night, washed three times
with PBS, incubated with biotin-labeled secondary antibody
and then washed with PBS. The sections were finally
incubated with streptavidin biotin peroxidase complex, the
color reaction was developed with the addition of DAB, and
the sections were counter-stained with hematoxylin and
sealed transparently.
     Positive cells from in situ hybridization appeared yellow
and the positive stain was mainly located in the nuclei and
cytoplasm around the nuclei. Immunohistochemically positive
cells appeared brown yellow and the positive stain was located
in the cytoplasm. The average positive rate in every case was
calculated in 5 high-power fields. When 10 % or more of the
cancer cells were stained positive in a labeled slice, it was
defined as ER or ERmRNA positive.

Statistical analysis
All data were analyzed with SPSS 8.0 statistical software
(including the accurate four square table probability method
and similar χ2 test) and P<0.05 was considered to have
statistical significance.

RESULTS
Immunohistochemically stained positive cells looked brown
yellow in cytoplasm. The distribution of ER positive cells and
the intensity of positive reaction were uneven (Figure 1). The
smooth muscle cells and the lymphocytes in the interstice and
the mucosa membrane beside the cancer tissue appeared
negative. The positively expressed ERmRNA were mainly
located in cytoplasm and nuclei of cancer cells, next to the
interstice (Figure 2). The number of positive cells was different
in different fields. It was greater in some fields, with 34 positive
cells in a high power field, but in other fields, the positive
cells were scarce or absent. There were weakly hybridized

positive signals in interstitial smooth muscle cells and
lymphocytes. The tissue beside the cancer appeared negative.
      ER positive gastric cancer tissues both in men and women
were more common in Borrmann type IV, histologically it was
more common in poorly differentiated adenocarcinoma and
signet ring cell carcinoma (P<0.05). ERmRNA positive cells
were found in Borrmann type I, II, III and IV (P>0.05).
ERmRNA expression  was  also  found  in  tubu lar
adenocarcinoma, poorly differentiated adenocarcinoma and
signet ring cells (P<0.05, Table 1).

Figure 1  ER positive expression in gastric carcinoma tissue
SABC×400.

Figure 2  ER mRNA positive expression in gastric carcinoma
tissue in situ hybridization ×100.

     ER expression had a high positive rate in females above 55
years old and in males under 55 years old (P<0.05). And
ERmRNA expression had a high positive rate in both males
and females above 55 years old (P>0.05, Table 1).
     Diffusely growing gastric cancer had a high ER positive
rate (P<0.05). Both the diffusely and non-diffusely growing
gastric cancers had a high positive expression rate of ERmRNA
(P>0.05, Table 1). The increase of ER positive rate is associated
with the increase of the involved regional lymph nodes including
the upper and lower parts of pylorus, the greater and lesser
curvatures of the stomach and the lymph nodes on both sides of
cardia (P<0.05). There seemed to be a tendency that the increase
of ERmRNA positive rate is associated with the increase of the
number of the involved lymph nodes (P>0.05, Table 1).
      To compare the immunohistochemistry results with in situ
hybridization results, ER positive rate was 40.0 % (M/F: 33.3 %
vs 46.7 %), and ERmRNA positive rate was 80.0 % ( M/F:
73.3 % vs 86.7 %, P<0.05, Table 1).



DISCUSSION
In 1960 Jensen reported for the first time that after injecting a
physiological dose of 3H-E2 into the hypoderm of a young
mouse, the amount of 3H-E2 found in the tissues of uterus,
vagina and other parts was far greater than that found in blood
plasma. This proved for the first time that ER protein was
present in the tissues of uterus and vagina. When estrogen
enters target cells, it first combines with its receptor in
cytoplasm, then forms a compound of receptor protein-estradiol
which then enters cell nucleus, binds to the chromatin and
affects the transcription of DNA. To sexual and non-sexual
target organs, estrogen may be a hormone promoting splitting.
There are proved documents that gastric cancer cells have sex
hormone receptors and may be controlled and regulated by
sex hormones, suggesting that gastric cancer in some cases is
hormone-dependent tumor, but the molecular mechanisms
underlying carcinogenesis are still largely unknown[13-17]. A
lot of documents have proved that molecular biology plays an
important role in the development and metastasis of some
cancers, such as endometrial adenocarcinoma[18-20], lung
cancer[21], breast cancer[22-37], apocrine carcinoma[38], leukemia[39]

and prostate cancer[40,41]. But there are very few studies on the
ERmRNA expression in gastric cancer tissues.
      With ER examination on the specimens of ten primary gastric
cancer patients (6 men and 4 women), Tokunaga discovered
that 2 cases were ER(+) and the patients were women with
histological undifferentiated cancer. Yanzuoshaner used the
PAP method to analyze 140 specimens of primary gastric
cancer after operation. The results showed that 23 cases were
ER(+) (16.4 %), 6 cases were ER(±) (4.3 %), 111 cases were
ER(-) (79.3 %). Recently, a new estrogen receptor, called
estrogen receptor beta, has been found to be expressed in
various tissues including normal gastrointestinal tract, the effect
of estrogen in stomach cancer, as well as in normal stomach,
might be mediated by ER beta, and the role of ER beta might
differ by the subtype of stomach adenocarcinoma, specifically
signet ring cell adenocarcinomas. But the conclusions needed

more evidence to support[13]. Takano et al reported the
expression of estrogen receptor-alpha and ER-beta mRNAs in
human gastric cancers, and the results showed that the
expression of estrogen receptor-alpha and ER-beta mRNAs
were changed in 20 cases (49 %) and unchanged in 21cases
(51 %). The incidences of lymph node metastasis and liver
metastasis were significantly higher in changed cases than in
unchanged cases[14]. One fourth gastric cancers were ER
positive compared with breast cancers, and gastric cancer
nuclear receptors were also smaller than that of breast cancers
in number[22,23]. Of 95 cases of male patients with gastric
cancers, 12 were ER(+) (12.6 %), of 45 cases of female patients
10 were ER(+) (22.2 %), 11.5 % of men under 50 years old
were ER(+) and 14.5 % of men above 50 years old were ER
(+). There was no marked difference between them, most of
the ER(+) cases were Borrmann II, and most cases of the
histological type were undifferentiated[15-16].
     Our results of the present study showed that ER positive
rate was 40.0 % and ER-mRNA positive rate was 80.0 % in
gastric cancers. ER(+) was related to lymph node metastasis
and gastric cancer growth patterns. Furthermore, we also
discovered that the positive rates of gastric cancer ER,
ERmRNA were higher in female than in male. Thus we can
conclude that female gastric cancer patients are more easily
affected by estrogen than male gastric cancer patients. Our
results are similar to the results reported by other scholars.
     Many foreign researchers think that compared with other
methods in examining ER protein, the molecular hybridizations
in examining ERmRNA has a higher sensitivity[13-17]. By using
Northern hybridization method Hankin found that the
ERmRNA positive rate of breast cancer was 87.0 %. But by
using the 3H-estradiol method to examine ER protein the
positive rate was only 46.0 %. The two methods showed a
marked difference. In our study, the immunohistochemical
examination showed that the high expression of ER protein
was most common in poorly differentiated adenocarcinoma
and signet ring cell carcinoma. In situ hybridization showed

Table 1  Relationship between ER, ERmRNA expression and pathology in gastric cancer

Male Female Total
Pathology

  n       ER(+)      %     ERmRNA(+)      %   n       ER(+)      %     ERmRNA(+)   %   n       ER(+)   %    ERmRNA(+)    %

Borrmann I   3 1        33.3 1   33.3   3 0          0 2 66.7   6 1 16.7     3     50.0

    II   4 1        25.0 3   75.0   4 2        50.0 3 75.0   8 3 37.5     6     75.0

    III   4 1        25.0 3   75.0   4 2        50.0 4          100.0   8 3 37.5     7     87.5

    IV   4 2        50.0 4 100.0   4 3        75.0 4          100.0   8 5 62.5     8   100.0

Papillary   1 0          0 0     0   1 0          0 0   0   2 0   0     0       0

Tubular   6 0          0 4   66.7   6 1        16.7 5 88.3 12 1   8.3   10     83.3

Poorly differentiated   7 4        57.1 6   85.7   6 4        66.7 6          100.0 13 8 61.5   11     84.6

Signet ring cell   1 1      100.0 1 100.0   2 2      100.0 2          100.0   3 3          100.0     3   100.0

Nondiffused   9 2        22.2 6   66.7   5 1        20.0 4 80.0 14 3 21.4   10     71.4

Diffused   6 3        50.0 5   83.3 10 6        60.0 9 90.0 16 9 56.3   14     87.5

Lymph node 0   3 0          0 1   33.3   4 0          0 3 75.0   7 0   0     4     57.1

Involvemen ≤3   4 1        25.0 3   75.0   5 3        60.0 4 80.0   9 4 44.4     7     77.8

       4~6   6 2        33.3 5   83.3   5 3        60.0 5          100.0 11 5 45.5   10     90.9

        >6   2 2      100.0 2 100.0   1 1      100.0 1          100.0   3 3          100.0     3   100.0

Age  ≤55   6 3        50.0 4   66.7   9 3        33.3 7 77.8 15 6 40.0   11     73.3

>55   9 2        22.2 7   77.8   6 4        66.7 6          100.0 15 6 40.0   13     86.7

Total 15 5        33.3         11   73.3 15 7        46.7         13 86.7 30        12 40.0   24     80.0
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that ERmRNA had a high positive expression rate, which was
also found in tubular adenocarcinoma and poorly differentiated
adenocarcinoma of histological hype. What is more noteworthy
is that in 13 cases of ER(-) gastric cancer tissues in situ
hybridization examination showed that ERmRNA was (+). The
reason may be that in situ hybridization probe could hybridize
with mRNA which directs the synthesis of protein of irregular
quality lacking function. The protein may lack the epitope that
can be identified by the ER monoclonal antibody, and there
may be defects present in ER protein synthesis after transcription.
ERmRNA positive signal was also present in interstitial smooth
muscle cells and lymphocytes, which suggests that estrogen
can regulate not only epithelial cells but also interstitial cells.
     We speculate that ERmRNA expression has greater value
than ER protein expression in clinical application because of
the high sensitivity of in situ hybridization and the strong
ERmRNA expression in gastric cancer, which can be used to
judge the prognosis of tumor and predict the effectiveness of
endocrine therapy for gastric cancer.
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Abstract
AIM: To investigate the inhibitory effect of a Chinese herb
medicine Astragali radix (AR) on growth of different cancer
cell lines.

METHODS: To observe the in vitro effects of AR on tumor
cell proliferation by trypan blue exclusion, MTS method and
tritium thymidine incorporation assay. Apoptosis was
detected by DNA ladder method.

RESULTS: The inhibition rates of AR on the cell respiration
of AGS, KATOIII, HT29, MDA231, MEL7 and MEL14 were
68.25 %, 62.36 %, 22.8 %, 27.69 %, 2.85 % and 5.14 %
respectively at the concentration of 100 ug/ml; it inhibited
AGS DNA synthesis by 87.33 % at the concentration of 50
ug/ml. The inhibitory effect on AGS was time-and dose-
dependent. AR did not induce apoptosis in AGS cells.

CONCLUSION: AR specifically inhibits gastric cancer cells
growth in vitro and the mechanism is mainly cytostatic but
not cytotoxic or inducing apoptosis.
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INTRODUCTION
Astragali radix (AR) is the dried root of Astragalus
membranaceus Bge. Var. mongholicus and is used as a tonic
in the traditional Chinese medicine. It has been used extensively
as an adjuvant[1,2] in cancer treatment and as a phytochemical
immune modulator. Kurashige et al. reported that AR lowered
the incidence of urinary bladder carcinoma in N-butyl-N’-
butanolinitrosoamine treated mice by activating the
cytotoxicity of lymphocytes and increasing the production of
IL-2 and IFN-γ[3]. Lau’s study showed that it also restored the
chemiluminescent oxidative burst activity of murine splenic
macrophage suppressed by renal cell carcinoma[4]. Wang’s
research suggested that an extract of AR had the synergetic
effect with IL-2 in activating LAK cells, resulting in reducing
the dosage of IL-2 and the associated toxicity[5]. In addition,
AR also could promote the proliferation of B cell and the
production of immunoglobulin[6] and has a bidirectional
modulating effect on T cells. It was reported that it could reduce

the suppressive activity of Ts in post-burn mice[7] and also
increase Th cell activity in immunodepressed mice[8].
      However, there was no report on whether AR affects tumor
cells growth directly. In this paper, we studied the effect of an
aqueous extract of AR on the growth of different cancer cell lines.

MATERIALS AND METHODS

Cell lines and culture conditions
Human gastric cancer cell lines AGS and KATO-III were
purchased from the American Type Culture Collection. AGS
is a cell line of moderately-poorly differentiated adenocarcinoma
and KATO-III is a cell line of signet ring carcinoma. HT29 is
a cell line of colon cancer and MDA231 is a breast cancer cell
line, both of them were kindly provided by Dr. Bill Murphy.
Mel7 and Mel14 are melanoma cell lines, which were gifted
by Dr. D. Schadendorf. All the cells were cultured in
RPMI1640 medium supplemented with 10 % FBS, 100 U/ml
penicillin, 100 µg/ml streptomycin and Glutamine (GIBCO
BRL, Life Technologies, Grand Island, NY, USA) in a humidified
atmosphere of 95 % air with 5 % CO2 at 37  as a monolayer.

Preparation of herbal extract
AR was purchased from Da Xing Chinese herbal medicines
store in DC, USA. The aqueous extract was prepared by the
Natural Product Branch of National Cancer Institute. 8 grams
of aqueous extract was dissolved in 100 ml distilled water and
centrifuged at 4 000 rpm for 20 min. The supernatant was
passed through a 0.22 µm filter (Corning, Costar, NY, USA)
and reached a final concentration of 80 mg/ml. The solution
was aliquoted and stored at -20  for future use.

AR treatment
The herbal treatment was modified from the anti-cancer drug
screening program of natural product branch in NCI[9]. Cells
were harvested by trypsinization when they were confluenced.
1×104 and 3×105 cells were seeded in each of the 96-well and
6-well plates respectively and cultured in RPMI1640 medium
supplemented with 5 % FBS for 24 hours. Then different
concentrations of AR were added in each well to attain a series
of different concentrations (1, 12.5, 25, 50 and 100 µg/ml)
and incubated for 48 hours for further measurements.

MTS assay
Cell growth was measured by MTS assay. The Cell Titer 96
Aqueous Non-Radioactive Cell Proliferation Assay Kit was
purchased from Promega, WI, USA. Briefly, MTS and PMS
were mixed at the ratio of 20:1 immediately before being added
to the samples. 20 µl of MTS/PMS solution was added to each
of the 96-well plate and incubated at 37  in a humidified 5 %
CO2 atmosphere for 3 hours. The absorbance was read at 490
nm using Bio-Tek’s Power Wave x reader-assay system (BIO-
TEK Instruments INC, VT, USA). Each sample was triplicated.

3H-thymidine incorporation assay
Cell DNA synthesis was measured by 3H-thymidine
incorporation assay. At the end of herbal treatment, 1 µCi of
3H-thymidine was added in each well of a 96-well plate. Then
the plate was incubated at 37  in a humidified 5 % CO2



atmosphere for 4 hours and stored at -70  overnight. On the
second day, the frozen plate was thawed at 37  and the DNA
was transferred to the filtermat using multi-channel cell
collector. The filtermat was washed with distilled water thrice
and 95 % alcohol once. 4.5 ml Betaplate Scint was added to
the filtermat and read the filtermat with liquid scintillation and
luminescence counter (Perkin Elmer Wallac Inc. MD, USA).
Each sample was quadruplicated.

Cell viablility assay
Cells were cultured and treated in 6-well plate. At the end of
the treatment, the cells were collected by trypsinization and
counted with 1 % Trypan-blue. Each sample was triplicated.

DNA ladder analysis
DNA ladder was measured as described previously[10] with
some modification. Briefly, 1×106 cells in 0.5 ml were lysed
in 1 ml DNA lysis buffer containing 1 M Tris-HCl, 0.2 M
EDTA, 4 M NaCl, 20 % SDS and 400 µg/ml proteinase K)
and incubated at 37  overnight. DNA was extracted in Phase
LockGel eppendorf (Eppendorf Scientific Inc. NY, USA) with
an equal volume of phenol/choloroform/isoamyl alcohol
(25:24:1) and precipitated with 2 volumes of ice-cold 100 %
ethanol and 1/10 volume of 3 M sodium acetate at -70  for 1
hr. DNA was collected, washed with ice-cold 70 % ethanol
once and dried in air. Then DNA was dissolved in TE buffer
containing 10 µg/ml RNase I and incubated at 37  for 1 hr.
Equal amounts of DNA (10 µg/well) were electrophoresed
in 1.8 % agarose gels impregnated with ethidium bromide
(0.1 µg/ml) for 2 hr at 70 V. DNA fragments were visualized
by UV transillumination.

Statistical analysis
The inhibition rate was calculated by the following formula:
inhibition rate (%)=(OD/CPMcontrol-OD/CPMtest)/OD/
CPMcontrol×100 %. Student’s t-test was used to compare
the results. All P values were described by two-tailed analysis.
P<0.05 was considered statistically significant.

RESULTS

Growth inhibiting effect of AR on different cancer cell lines
Figure 1 illustrated the inhibiting effects of AR on the
proliferation of 6 tumor cell lines, including AGS, KATOIII,
HT29, MDA231, MEL7 and MEL14, measured by MTS
method. It was found that after 48 hours incubation, 100 µg/
ml of AR had greater inhibiting effect on gastric tumor cell
lines of AGS and KATOIII than the other cancer cell lines. It
inhibited the growth of AGS and KATOIII by 68.25 % and
62.36 % respectively, compared to only 22.8 %, 27.69 %,
2.85 % and 5.14 % reduction in cell growth of HT29, MDA231,
MEL7 and MEL14. It appeared to be selectively inhibiting
the growth of gastric cancer cell line.

Effect of AR on AGS viability
Whether the inhibitory effect of AR on AGS growth was
cytotoxic was determined by the trypan blue measurement.
Figure 2 showed the viable cell numbers of AGS treated with
different concentrations of AR. In the range from 1 to 50 µg/
ml, AR had a dose-dependent inhibiting effect on AGS growth
and almost completely inhibited the AGS growth at the
concentration of 50 µg/ml, of which the cell number of the
test group was very close to the cell number seeded at the
beginning of the test and few cells were stained blue. However,
at the concentration of 100 µg/ml, AR showed cytotoxicity on
AGS, of which the cell number was lower than the initial
cell number.

Figure 1  Effect of AR on the growth of 6 cancer cell lines. Cells
were treated with AR at the concentration of 100 µg/ml for 48
hrs and cell growth was measured with MTS method.

Figure 2  Effect of AR on AGS viability. AGS cells were treated
with different concentrations of AR for 48 hrs and cell viability
was measured with trypan blue. At or below the concentra-
tion of 50  µg/ml, AR was not cytotoxic to AGS cells.  But at the
concentration of 100  µg/ml, it showed cytotoxicity on AGS.

Dose-dependent and time-dependent effects of AR on AGS growth
The dose-dependent and time-dependent effects of AR on AGS
growth were observed by MTS assay. AGS cells were treated
with different concentrations of AR for 48 hours. Figure 3
showed that the inhibitory effect of AR on AGS was
proportional to the extract concentrations. In the time-course
experiment, AGS cells were treated with 50 µg/ml of AR and
incubated for 6, 12, 24 and 48 hours respectively. In Figure 4,
it was found that AR began to inhibit the cell growth
significantly at the 12th hour and the effect was also improved
linearly while prolonging the incubation time.

Figure 3  Dose-dependent effect of AR on AGS growth. AGS
cells were treated with a serial of diluted concentrations (1,
12.5, 25, 50 and 100 µg/ml) of AR for 48 hrs and cell growth
was measured with MTS method. The inhibition effect of AR
was improved accompanied by increase of concentration.
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Figure 4  Time-dependent effect of AR on AGS growth. AGS
cells were treated with 50 µg/ml of AR for 6, 12, 24 and 48 hrs.
The cell growth was measured by MTS method. The inhibition
effect of AR on AGS growth was enhanced with incubation time.

Effect of AR on AGS DNA synthesis
Tritium-labeled thymidine incorporation assay was used to
evaluate the effect of AR on AGS DNA synthesis. AGS cells
were treated with different concentrations of AR for 48 hours.
Figure 5 demonstrated that AR could significantly inhibit the
DNA synthesis of AGS.  It was also observed that the inhibiting
effect of AR increased sharply from the concentrations of
1 µg/ml to 25 µg/ml and it increased slowly from then on.

Figure 5  Effect of AR on DNA synthesis of AGS. AGS cells
were treated with a serial of diluted concentrations (1, 12.5, 25,
50 and 100 µg/ml) of AR for 48 hrs and cell growth was mea-
sured with tritium labeled thymidine incorporation assay. AR
started to inhibit the DNA synthesis of AGS at 1 µg/ml and
the inhibiting effect was dose-dependent.

Effect of AR on AGS apoptosis
DNA fragmentation method was used to observe whether
apoptosis was induced in AGS by AR. AGS cells were treated
with different concentrations of AR for 48 hours. However,
there was no DNA ladder appeared in the electropheresis gel.
So the herbal extract had no effect on AGS apoptosis.

DISCUSSION
AR is a tonic herbal medicine which is used as an adjuvant
extensively in the treatment of various cancers, such as lung
cancer, digestive tract cancers, renal cancer, bladder cancer[1,2,11],
melanoma and AIDS[12]. It had been reported that it could
improve the host immune function suppressed by tumors and
relieve the marrow suppression induced by chemotherapeutic
agents so that it could make the patients more tolerant to
chemotherapeutic therapy. Although there were some studies
showing that AR could inhibit the tumor growth in vivo, the
anti-cancer effect was testified through activating the activity
of Th, LAK and macrophages and promoting the production

of IL-2 and IFN-γ. However, whether it has direct inhibition
effect on tumors cells has not been elucidated yet.
     In this study, 6 different cancer cell lines were used to test
the inhibitory effect of AR. After 48 hours incubation, AR
inhibited the gastric cancer cell lines of AGS and KATOIII
growth by 68.25 % and 62.36 %, compared to the inhibition
rates of colon cancer cell line HT29, breast cancer cell line
MDA231 and melanoma cell lines of Mel7 and Mel14 which
were 22.8 %, 27.69 %, 2.85 % and 5.14 % respectively,
suggesting that AR has anti-cancer effect on gastric cancer
cell lines. To fully confirm this, many other kinds of cancer
cell lines should be tested in order to determine the specificity
of the effect. AGS and KATOIII are two different gastric cancer
cell lines. AGS is a moderately-poorly differentiated
adenocarcinoma cell line while KATOIII is a cell line of signet
ring cell carcinoma, but AR has almost the same inhibitory
effect on both cell lines.
     Many herbal extracts can inhibit cell growth in vitro through
their cytotoxic effect[13-16]. We determined whether the inhibitory
effect of AR was due to cytotoxicitiy. In order to clarify this
question, we measured the cell growth with trypan blue
exclusion method. The initial cell number was 300 000/well
and in the untreated wells the cell number reached 990 000/
well after 48 hours incubation. The cell number in testing group
treated with 1 µg/ml of AR was 943 500/well (P>0.05, vs
control group). However, the cell numbers of the other testing
groups treated with AR from the concentrations of 12.5 µg/ml
to 100 µg/ml were significantly lower than that of the control
group and but higher than the initial cell number except for
the testing group treated with 100 µg/ml AR, whose cell number
was only 243 000/well (P=0.017, compared to the initial cell
number). Few cells stained trypan blue could be seen in the
testing groups treated with AR at the concentration lower than
100 µg/ml. So the inhibition effect of AR at the concentrations
of 50 µg/ml or below was not cytotoxic while AR is cytotoxic
to AGS cell at the concentration of 100 µg/ml. Further studies
showed that the inhibition effect of AR on AGS was dose- and
time-dependent. The maximal concentration without
cytotoxicity was around 50 µg/ml and the corresponding
inhibition rate was 60.48 %. AR came into effect at the 12th

hour and reached its peak at the 48th hour.
    One characteristic of the tumor cells is that their rapid
proliferations are accompanied by DNA synthesis and cellular
replication. Tritium labeled thymidine incorporation assay
reflects the cellular DNA synthesis. Our results showed that
the DNA synthesis of AGS was significantly inhibited by AR.
The inhibition rate increased sharply from 21.71 % to 81.86 %
at the concentrations ranging from 1 µg/ml to 25 µg/ml, then
it reached a plateau. So AR might suppress AGS cell growth
through inhibition of DNA synthesis. The inhibition rates of
AGS cell growth expressed by MTS method and tritium labeled
thymidine incorporation assay were different. The latter was
higher than the former. This maybe attributed to that MTS and
tritium labeled thymidine incorporation assay were two
different indirect measurements used in cell growth evaluation.
MTS reflects the cell growth at the level of cell respiration
while tritium labeled thymidine incorporation assay at the level
of DNA synthesis. When the cellular DNA synthesis is
suppressed, the cells might be in an inactive status in which
the cells could still respire. So the inhibition rate of cell growth
expressed by MTS is lower than that expressed by tritium
labeled thymidine incorporation assay.
    Apoptosis is a kind of programming cell death whose
impairment may induce cell immortality and carcinogenesis[17].
Some agents such as aspirin, indomethacin and arsenic
trioxide[10,18] and some herbs such as Anemarrhena asphodeloides
Bunge, Albizzia Lucidior I. Nielsen and Paeoniae radix[19-21]

were reported to have the ability of inducing apoptosis in gastric
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cancer cells and inhibiting their growth. However, apoptosis
could not be observed in AGS cells treated with AR. Combined
with the results of trypan blue experiment that there were few
cells, which were treated with AR, stained blue, the inhibition
effect of AR on AGS is not through the mechanism of cytotoxic
or apoptosis.
     The aqueous and organic extracts of AR were used in this
study. But the organic extract had no effect on AGS growth
(data not shown). So the effective anti-cancer components are
in the aqueous extract. Polysaccharide[22], astragaloside[23], and
flavonoids[24] have been found in AR. Some studies showed
that the polysaccharides and flavonoids from other herbs had
the anti-tumor efficiency in vitro and in vivo[25-29]. But up to
now, there has no evidence showing that these compounds
from AR have anti-cancer activity in vitro. Hence, further
studies are required. Selenium toxicity has been confirmed in
the livestock consuming plants of the genus Astragalus and
selenium was reported to have the carcinostatic activity in the
animals[30,31]. So selenium might play a critical role in AR
inhibiting AGS growth.
     In conclusion, the inhibitory effect of AR on the growth of
gastric cancer cell line of AGS is mainly cytostatic.
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Abstract
AIM: To evaluate the expression of cyclooxygenase (COX-
2) and the relationship with tumor angiogenesis and
advancement in gastric adenocarcinoma.

METHODS: Immunohistochemical stain was used for
detecting the expression of COX-2 in 45 resected specimens
of gastric adenocarcinoma; the monoclonal antibody against
CD34 was used for displaying vascular endothelial cells, and
microvascular density (MVD) was detected by counting of
CD34-positive vascular endothelial cells. Paracancerous
tissues were examined as control.

RESULTS: Immunohistological staining with COX-2-specific
polyclonal antibody showed cytoplasmic staining in the cancer
cells, some atypical hyperplasia and intestinal metaplasia,
as well as angiogenic vasculature present within the tumors
and prexisting vasculature adjacent to cancer lesions. The
rate of expression of COX-2 and MVD index in gastric cancers
were significantly increased, compared with those in the
paracancerous tissues (77.78 vs 33.33 %, 58.13±19.99 vs
24.02±10.28, P<0.01, P<0.05, respectively). In 36 gastric
carcinoma specimens with lymph node metastasis, the rate
of COX-2 expression and MVD were higher than those in
the specimens without metostasis (86.11 vs 44.44 %,
58.60±18.24 vs 43.54±15.05, P<0.05, P<0.05, respectively).
The rate of COX-2 expression and MVD in the specimens
with invasive serosa were significantly higher than those in
the specimens without invasion to serosa (87.88 vs 50.0 %,
57.01±18.79 vs 42.35±14.65, P<0.05, P<0.05). Moreover,
MVD in COX-2-positive specimens was higher than that in
COX-2-negative specimens (61.29±14.31 vs 45.38±12.42,
P<0.05). COX-2 expression was positively correlated with
MVD (r=0.63, P<0.05).

CONCLUSION: COX-2 expression might correlate with the
occurance and advancement of gastric carcinoma and is
involved in tumor angiogenesis in gastric carcinoma. It is
likely that COX-2 by inducing angiogenesis can be one of
mechanisms which promotes invasion and metastasis of
gastric carcinoma. It may become a new therapeutic target
for anti-angiogenesis.

Li HX, Chang XM, Song ZJ, He SX. Correlation between expression
of cyclooxygenase-2 and angiogenesis in human gastric
adenocarcinoma. World J Gastroenterol  2003; 9(4): 674-677
http://www.wjgnet.com/1007-9327/9/674.htm

INTRODUCTION
COX is a key enzyme in the conversion of arachidonic acid to
prostaglandin, and two isoforms of COX, namely COX-1 and
COX-2, have been identified[1,2]. COX-1 is constitutively
expressed in many tissues and is considered to be involved in
various physiological functions, whereas COX-2 is induced
by pathological stimuli, such as inflammation, various growth
factors and cytokines produced by tumor cells[1-3].
    Epidemiologic studies showed that nonsteroidal anti-
inflammatory drugs (NSAIDs), known to inhibit COX, could
reduce the incidence rate and mortality from digestive tract
carcinomas[4-10]. In rodent models of FAP, a genetic disease
leading to colonic carcinoma, blockade of COX-2, suppresses
intestinal polyp formation[11]. Increased COX-2 expression has
been reported in colorectal, pancreatic, hepatocellular and other
cancers[12-20]. Taken together, these data provide strong evidence
for the importance of COX-2 in oncogenesis.
    It has been reported that tumor angiogenesis play an
important role in tumor growth, invasion and metastasis[21-25].
We investigated the expression of COX-2, MVD in human
gastric cancer. The aim of this study was to determine the
relationship between COX-2 and tumor angiogenesis,and the
development, progression of gastric cancer. The further
understanding of oncogenesis might provide a new approach
to tumor therapy.

MATERIALS AND METHODS

Materials
45 patients with gastric adenocarcinomas confirmed
pathologically underwent gastrectomy in our hospital from
January 2000 to October 2001. From these subjects, gastric tumor
and paracancerous tissues (more than 5 cm away from the lesion)
were obtained from resected specimen. Among them, 35 were
male, and 10 female, with a mean age of 57.51±10.73 (33 to
78). Patients who had received radiotherapy or chemotherapy
before gastrectomy were excluded.Histologically, they were
classified by the WHO criteria, 5 were highly differentiated
adenocarcinoma, 10 moderately-differentiated, 27 poorly-
differentiated, 3 undifferentiated. As regards to the size of cancer,
20 were <5 cm, 25 5 cm. 33 tumors invaded to the serosa and
12 tumors not.36 cases had local lymph node metastasis.

Reagents and methods
Antibody against COX-2 was purchased from Santa Cruz
Biotechnology. Inc; antiboby against CD34 and ready to use
SP immunohistochemical reagent box were purchased from
Fijian Maixin CO, Ltd. Formalin-fixed, paraffin-embedded
surgical specimens from 45 cases of gastric carcinoma were
available and sliced sequentially with a thickness of 4 µm.
The slices carrying the detected antigen were dyed with SP
immunohistochemical staining method, and those in the control
group were dyed according to the above method, with the first
antibody substituted by PBS.

Statistical methods
The data were presented as x±s; numerical variable by χ2 test;



enumeration data by t test; COX-2 relationship with MVD by
spearman rank correlation test (depending on the quantitative
index of COX-2 and MVD).

RESULTS
The cytoplasm of the gastric cancer cells stained with brown
granules were identified to be COX-2 positive. Only nucleuses
stained blue were identified to be COX-2 negative. COX-2
expression was scored semi-quantitatively according to the
density and the percentage of positivity into score 0, 1, 2, 3. A
minimum of 10 high power view were used to assess COX-2
expression level. If the sum of two scores was 1-3, the slice
would be considered as low-expression of COX-2. If 4-6, it
would be considered as high-expression of COX-2. Vascular
endothelial cells were considered CD34-positive if their
cytoplasm stained brown or brownish yellow. The microvessels
were counted according to the number of single endothelial
cell or endothelial cell clustor showing brownish yellow
granules in the cytoplasm. The slices were observed first
microscopically under the low power (×40),then selected the
most dense area of microvessels was selected to be observed
under high power (×200, the surface area of every visual field
was 0.785 mm2), and the number of microvessels in 3 visual
field were counted and took the average as MVD of this
specimen[26].

COX-2, MVD expression and distribution
77.78 % (35/45) cases of gastric carcinomas showed COX-2
positive expression while high-expression was detected in 22
cases, low-expression in 13. 33.33 % (15/45) cases of
paracancerous tissues showed COX-2 positive expression while
high-expression was only detected in 3 cases. The rate and
density of COX-2 expression in cancerous tissues were
significantly higher that in paracancerous tissues (χ2=18,
χ2=6.09, P<0.005, P<0.05, respectively). The positive COX-
2 staining was mainly diffusely located as brownish yellow
stained granules in the cytoplasm. Immunohistological analysis
revealed cytoplasmic staining in the neoplastic cells (Figure1),
atypical hyperplasia and intestinal metaplasia. In addition,
COX-2 was also detected in the angiogenic vasculature present
within the tumors and preexisting vasculature adjacent to cancer
lesions (Figure 2). In contrast, normal epithelium or stroma
occasionally showed weak staining pattern or didn’t.
     The mean MVD in gastric carcinoma was significantly
higher than that in para-cancerous tissues (58.13±19.99,
24.02±10.28, t=10.18, P<0.001). The positive expression of
CD34 was mainly presented as brownish yellow or brownish
granules in the cytoplasm of vascular endothelial cell (Figure
3). New blood vessles in the cancerous lesions had no regular
contour and were not evenly distributed.

The relationship between the rate of COX-2 expression and MVD
The result showed that MVD (61.29±14.31) in the COX-
2-positive gastric cancerous tissues was higher than that
(45.38±12.43) in the COX-2-negative one (t=5.64, P<0.001).
The expression of COX-2 was positively correlated with
MVD (r=0.63, P<0.05).

The relationship between the expression of COX-2, MVD and
pathological features of gastric carcinoma
In Table 1, the associations between COX-2, MVD expression
and the pathological features were shown. Both COX-2 and
MVD were not correlated with tumor size, tumor histological
type. However, there was correlation between COX-2, MVD
and depth of invasion and lymph-node metastasis of gastric
carcinoma respectively.

Figure 1  COX-2 expression in gastric adenocarcinoma.

Figure 2  COX-2 expression was also detected in the vascula-
ture within gastric adenocarcinoma.

Figure 3 CD34 expression in the cytoplasm of vascular endot-
helial cell within gastric adenocarcinoma.

Table 1  The relationship between COX-2, MVD and patho-
logical features of gastric carcinoma

Pathological characteristics   Positive       MVD         Total
COX-2(%)         x±s

Tumor size
    <5 cm   15(75.0) 60.64±18.55 20

5 cm   20(80.0) 55.68±17.98 25
Depth of invasion
    Invading serosa   29(87.88)a 57.01±18.79c 33
    Noinvasion to serosa     6(50.0) 42.35±14.65 12
Degree of differentiation
    Well differentiated   12(80.0) 52.45±17.67 30
    Poorly differentiated   23(76.67) 57.32±18.20 15
Lymph-node metastasis
    Positive   31(86.11)b 58.60±18.24d 36
    negative     4(44.44) 43.54±15.05   9

Note: well differentiated cancer cells include highly and
moderately differentiated ones: poorly differentiated cancer
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cells include poorly differentidted and undifferediated ones.
aP<0.05 (χ2=5.23), vs the rate of COX-2 expression in gastric
carcinomas not invading serosa; bP<0.05 (χ2=5.08), vs the rate
of COX-2 expression in gastric carcinoma without lymoph-node
metastasis; cP<0.05 (t=2.44), vs MVD in gastric carcinomas not
invading serosa; dP<0.05 (t=2.28), vs MVD in gastric carcinomas
without lymph-node metastasis.

DISCUSSION
Human gastric mucosa normally expresses no detectable levels
of COX-2 protein[27,28]. In the current study, we found that the
rate of COX-2 expression in gastric cancer was significantly
increased, compared with that in the paracancerous tissues,
the expression of COX-2 showed cytoplasmic staining, not
only in cancerous cells but also in precancerous lesion such as
atypical hyperplasia and intestinal metaplasia. A similar pattern
of COX-2 expression has previously been found in human
gastric cancer[29-34]. The above data demonstrated that COX-2
was up-regulated in human gastric cancer, suggesting COX-2
may play an important role in occurrence of gastric cancer,
being a relatively early event in the carcinogenesis of stomach.
     Here, we also analyzed the relationship between COX-2
expression and clinical pathological features in gastric
carcinoma. It was shown that the rate of COX-2 expression
was correlated closely with the depth of tumor invasion,
indicating COX-2 may contribute to invasive growth of gastric
carcinoma. The rate of COX-2 expression of gastric carcinoma
with lymph-node metastasis was higher than that without
suggesting the increase of its expression in gastric cancer tissue
can promote lymph-node metastasis. It seemed more likely
that COX-2 probably heightened viability and increased
infiltrative potential of gastric cancer. The mechanism was not
clear. Tsujii concluded that overexpression of the COX-2 gene
as a result of transfection promoted invasiveness in wild type
human colon carcinoma cell lines through the induction of
metalloproteinase-2 and membrane-type metalloproteinase[35].
Rat intestinal epithelial cells that overexpressed COX-2 protein
were found to be resistant to butyrate-induced apoptosis and
had elevated bcl-2 protein expression and decrease expression
of both E-cadherin and the transforming growth factor-β
receptor[36]. Each of these changes has been linked to enhanced
tumorigenic potential and increased tumor invasiveness.
Therefore, the above data further indicated that COX-2 might
play an important role in gastric tumorigenesis and tumor
progression.
      Recently the relation of COX-2 and tumor angiogenesis is
emphasized. One of the mechanisms by which PGE2 supports
tumor growth is by inducing the angiogenesis necessary to
supply oxygen and nutrients to tumors >2 mm in diameter[37,38].
Masferrer[39] reported that SC-236, a COX-2-selective inhibitor,
was effective in reducing angiogenesis driven by bFGF in the
matriel rat model, whereas SC-560, a COX-1-selective inhibitor
was ineffective. He also observed COX-2 expression in newly
formed blood vessels within tumors grown in animals, whereas
under normal physiological condibions the quiescent
vasculature expressed only the COX-1 enzyme, indicating
COX-2-derived prostaglandins contributed to tumor
angiogenesis[40]. In our study, COX-2 expression was also
detected in the angiogenic vasculature present within the
tumors and preexisting vasculature adjacent to cancer lesions,
suggesting COX-2 may induce newly formed blood vessels to
sustain tumor cell viability and growth. COX-2 was also
expressed within atypical hyperplasia, intestinal metaplasia and
neovasculature in the paracancerous tissue, indicating COX-2
may promote precancerous lesion to cancer by new blood
vessel formation.
      MVD is a reliable index of tumor angiogenesis[41]. We found
that the MVD in COX-2 positive tumors was significantly

higher than that in COX-2 negative tumors, MVD in gastric
carcinoma was higher than that in paracancerous tissues,
suggesting its distribution was similar to the pattern of COX-
2 in gastric carcinoma. A close correlation was present between
MVD and COX-2 (P<0.01), indicating COX-2 was closely
related to tumor angiogenesis further, and may be one of
important factors involved in gastric carcinoma angiogenesis.
In addition, MVD in the specimens with lymph node metastasis
was significantly higher than that without and it was also
correlated closely with the depth of tumor invasion,suggesting
that tumor angiogenesis in gastric carcinomas might result in
cancer cells entering blood circulation, and the lymph node
metastasis could be promoted when the gastric cancer cells
invade lymphatic vessels. Both COX-2 and MVD were
associated with the depth of invasion and lymph-node
metastasis, suggesting the effect of COX-2 on angiogenesis
can promote metastatic protential as well as tumor invasiveness.
Therefore, inducing tumor angiogenesis may be one of
mechanisms which COX-2 promotes the development and
metastasis of gastric cancer.
      In conclusion, COX-2 expression in gastric adenocarcinoma
was higher than that in the paracancerous tissues, and was
related to lymph node metastasis and the depth of invasion,
suggesting COX-2 might correlate with the occurance and
advancement of gastric carcinoma; COX-2 expression in
gastric carcinoma was closely related to MVD, suggesting
COX-2 might be involved in tumor angiogenesis in gastric
carcinoma, it is likely that COX-2 inducing angiogenesis may
be one of mechanisms which COX-2 promotes the invasion,
metastasis of tumor in gastric carcinoma. These findings
suggest that COX-2 may be a new therapeutic target for anti-
angiogenesis.
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Abstract
AIM: In order to assess hepatocellular carcinoma associated
antigen HCA587 as a potential target for immunotherapy,
the Bac-to-Bac expression system was used to express
recombinant protein HCA587 in insect cells.

METHODS: The cDNA encoding HCA587 gene was cloned
into donor vector pFasBacHtb and recombinant pFasBac Htb-
587 was transformed into competent cells DH10Bac.
Recombinant Bacmid-587 was transfected into Sf9 insect
cells using CELLFECTIN, Recombinant HCA587 protein was
produced in Sf9 insect cells after infection with recombinant
baculovirus, and was purified using Ni-NTA resin. Sera from
HCC patients were also screened using recombinant protein
HCA587.

RESULTS: The molecular weight of the recombinant protein
HCA587 expressed in insect cells was approximately 43kd.
Western blot results proved the recombinant protein HCA587
had the similar antigenicity with its native counterpart.
Serological analysis told that the rate of seroreactivity to
HCA587 was not high in HCC patients.

CONCLUSION: The recombinant protein HCA587 was
successfully expressed and purified using Bac-to-Bac
expression system. It paved the way for generation of specific
antibody and investigation of immunohistochemical analysis
and immune responses of HCC in the future.

Li B, Wu HY, Qian XP, Li Y, Chen WF. Expression, purification
and serological analysis of hepatocellular carcinoma associated
antigen HCA587 in insect cells. World J Gastroenterol  2003; 9
(4): 678-682
http://www.wjgnet.com/1007-9327/9/678.htm

INTRODUCTION
The recent developments in the molecular characterization of
human tumors and a better understanding of tumor
immunology have led to the identification of different kinds
of tumor-associated antigens[1-5]. Of these antigens, Cancer/
testis antigens (CT antigens) have played important roles as
targets for cancer vaccine development because of their
characteristic expression pattern in cancer and testis[6-9]. Many
promising results have been achieved in tumor immunotherapy

using peptides derived from CT antigens[10-13]. Identifying new
CT antigens and evaluating their possible application in the
clinic have become a hot spot in this field.
     Since hepatocellular carcinoma (HCC) is one of the most
pernicious cancers in China, we have adopted serological
analysis of recombinant cDNA expression library (SEREX)
method and successfully identified a number of novel HCC
genes encoding immunogenic proteins. Of these, hepatocellular
carcinoma associated antigen HCA587 was identified as one
novel CT antigen which was predominantly expressed in HCC
and other types of cancers, but not in normal tissues except
testis[14]. Studies on HCA587 may play important roles in
transformation, metastasis, diagnosis and immunotherapy
of HCC.
      The bac-to-bac baculovirus expression system is an eukaryotic
gene expression system which allows the rapid and efficient
generation of recombinant baculovirus DNAs by site-specific
transposition in E.coli, rather than homologous recombinant
in insect cells[15,16]. High level heterologous gene expression
are often achieved compared to other eukaryotic expression
systems, and most of the expressed proteins were shown to
have the similar functions as their authentic counterparts. In
the present studies, we utilized the Bac-to-Bac system to
express the recombinant protein HCA587 in Spodoptera
frugiperda (sf9) cell lines. The HCA587 protein was then
purified using Ni-NTA resin, and the anti-HCA587 antibodies
were screened in sera from 81 HCC patients.

MATERIALS AND METHODS

Expression system, insect cells and sera
The Gibco BRL BAC-TO-BAC Baculovirus expression system
consists of the transposing vector pFasBacHTb, CELLFECTIN
reagent and Max Efficiency DH10Bac competent cells which
contain Bacmid (baculorivus shuttle vector plasmid) and helper
plasmid to be used to generate recombinant Bacmids. Sf9 insect
cells were cultured at 27  in SF-900 SFM (Cell culture media
and reagents were Gibco BRL brand). All sera of HCC were
collected from Peking University teaching hospitals with the
agreements of HCC patients.

Amplification and DNA sequencing of gene HCA587
The oligonucleotide primers specific for gene HCA587 were
designed and synthesized by Sangon biotechnology company
(P1: 5’ATCGGATCCCCTCCCGTTCCAGGCGT 3’, P2:
5’ACTAAGCTTTCACTCAGAAAAGGAGAC 3’). The
cDNA produced from normal testis was amplified as template.
The PCR products were cloned into pGEM-T-easy vector and
sequenced with T7 and SP6 primers by the dideoxy chain
termination method using the BigDye Terminator cycle
sequencing kit and an ABI PRISM automated DAN sequencer.

Construction of pFasBac HTb-587 plasmid
pFasBac HTb donor plasmid and pGEM-T-easy-587 were
prepared by digesting with restriction enzymes BamHI and
HindIII. The fragments of interests were purified and recovered
from gel using clontech DNA purification system. After ligated



by T4 DNA ligase, the ligation mixture were transformed into
DH5α competent cells. The recombinant plasmid pFasBac
HTb-587 was identified by restriction endonuclease digestion.

Generation of recombinant bacmid DNA
Recombinant pFasBac HTb-587 plasmids were transformed
into Max Efficiency DH10Bac competent cells, and the gene
of interest was transposed into Bacmid through lacZ gene
disruption. White clones, containing the recombinant Bacmids
were selected on Luria agar plates with 50 µg/ml kanamycin,
7 µg/ml gentamicin, 10 µg/ml tetracycline, 100 µg/ml Bluo-
gal, and 40 µg/ml IPTG. After 36 h incubation at 37 , High-
molecular-weight DNA was isolated from the overnight
cultures as described in the manual. PCR analysis was used to
verify successful transposition to the recombinant Bacmid with
M13/pUC primes.

Transfection of Sf9 cells with recombinant bacmid-587
The minipreparations of recombinant Bacmid DNA were
transfected into Sf9 insect cells using CELLFECTIN reagent.
For each transfection, 9×105 cells were seeded in a 6-well plate
and allowed to attach for at least 1 h. The Lipid reagent and
Bacmid DNA were diluted separately into 100 µl of SF-900
SFM without antibiotics, then combined to form lipid-DNA
complexes. The lipid-DNA complexes were diluted to 1 ml
with SFM and laid over the washed Sf9 cells. The cells were
incubated for 5 h at 27 , rinsed, and incubated for another
72 h. Recombinant baculovirus were harvested from
supernatant and titrated by viral plaque assay. The expression
of recombinant protein HCA587 was analyzed by western blot.

Expression and purification of HCA587 from Sf9 insect cells
The recombinant baculovirus were amplified from the
suspension cultures of Sf9 cells at MOI of 0.1. We analyzed
the effects of several factors in various combinations on the
level of protein expression, the factors were: adherent or
suspension cultures in different densities; multiplicity of
infection (MOI) and recombinant virus replication time. Since
the expressed recombinant protein contained 6×histidine tag
at N-terminal, it was purified using Ni-NTA resin conveniently
according to the manufacturer’s instructions. SDS-PAGE was
performed to analyze the purified protein from the infected
cells.

Serological analysis of recombinant HCA587 protein
To analyze the anti-HCA587 antibody in sera of patients,
Western blot method was used to screen the reactivity of
recombinant HCA587 to sera from 81 HCC patients. The serum
was diluted 1/250 as primary antibody, and rabbit-anti- human
IgG, conjugated to AP, were used as secondary antibodies. In
this assay, the negative control was the serum from healthy
volunteers.

RESULTS

Identification of recombinant pFasBacHTb-587 and Bacmid-587
The fragments of gene HCA587 were amplified by PCR using
specific primers (Figure 1) and sequenced to ensure the
correctness of the ORF. Restriction endonuclease digestion
was performed to verify the correct insertion of the gene
HCA587 in the recombinant pFasBacHTb-587. The gel
electrophoresis in 1 % agarose showed 1.2kb of HCA587 and
4.8kb of pFasBacHTb donor plasmid (Figure 2).
     The Bacmid DNA is >135kb. Verification of the insertion
of the gene HCA587 in recombinant Bacmid-587 is difficult
using classical restriction endonuclease digestion analysis. So
PCR was used to confirm the recombinant Bacmid-587. The

pUC/M13 amplification primers are directed at sequences on
either side of the mini-attTn7 site with the lacZ α-complemention
region of the Bacmid. Amplification products from
transposition of recombinant bacmid-587 generated a band of
3.5kb (lane1,2) while amplification of the non-recombinant
Bacmid plasmid generated a 300bp band (lane3,4) (Figure 3).

Figure 1  PCR amplified products of HCA587. (Lanes 1: 1 kb
DNA marker; lane2: 1.2 kb fragment of HCA587; lane3: nega-
tive control).

Figure 2  Recombinant pFasBac Htb-587 vector digested by
BamHI and HindIII. (Lanes1: 1kb DNA marker; lane2: recom-
binant plasmid; lane3: digested by BamHI; lane4: digested by
BamHI+HindIII).

Figure 3  PCR identification of recombinant Bacmid-587. (lane
1: DNA marker; lane 2-3: recombinant Bacmid-587; lane 4-5:
blank bacmid).

Transfection of Sf9 cells and amplification of recombinant
virus
Recombinant Bacmid-587 was isolated from overnight cultures
and transfected into insect cells sf9 with CELLFECTIN
reagents. Infected and uninfected sf9 cells can be distinguished
by morphology. Uninfected cells continued to divide and form
a confluent monolayer while infected cells stopped dividing
and enlarged (data not shown).
    The Bacmid-587 transfected cells were collected and
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analyzed for recombinant protein expression by western blot.
Figure 4 showed a specific expressed protein band at 43kd as
expected, while no specific band apperared in Sf9 cells without
transfection (lane 3). Viral plaque assay showed the viral titer
could reach 5×108 pfu/ml after amplifying the primary virus
in Sf9 suspension cell culture.

Figure 4  Western blot analysis of recombinant protein ex-
pression in sf9 insect cells after transfection. (lane 1: positive
control; lane2: Sf9 cell transfected with bacmid-587; lane 3:
blank Sf9 cells).

SDS-PAGE analysis of purified HCA587 protein
The optimal conditions varies to express different proteins.
Recombinant HCA587 protein was expressed at the highest
level when 1×106 Sf9 cells/ml were infected with an MOI of 5
and harvested after 96 h of replication. After purification with
chromatography using Ni-NTA resin, the purified protein,
infected and uninfected Sf9 cells were lysed directly in SDS-
loading buffer and boiled for 5 min. All samples were cleared
by centrifugation and analyzed on 12.5 % acrylamide gels,
which was stained by Coomassie blue and scanned by a
densitometer to visualize the purity of purified protein. Figure
5 showed that the recombinant protein with 43kd was more
than 90 % purity.

Figure 5  SDS-PAGE analysis of recombinant HCA587. (lane 1:
protein marker; lane2: sf9 lysate; lane3: infected sf9 lysate;
lane4-5: purified HCA587 protein).

Identification of antigenicity of the recombinant protein HCA587
In order to know if the recombinant protein HCA587 has the
similar antigenicity with its native counterpart, the serum
containing antibodies which recognize native HCA587 was
used as primary antibody in western blot analysis. Figure 6
showed that the recombinant protein HCA587 was able to react
with the specific antibody in serum (lane 2) while no reactivity
was seen in negative control (lane 3), indicating it’s similar
functions with natural counterpart.

Reactivity of allogeneic HCC sera to recombinant protein
HCA587
To determine the anti-HCA587 antibody produced in HCC
patients, Sera collected from 81 allogeneic HCC patients were

screened to test their reactivities with the recombinant protein
HCA587 expressed from Sf9 insect cells. The positive
frequency of antibody response in HCC patients was not high,
with only 2 positive of 81 patients (Figure 7, negative results
not shown). This low late of serological reactivities was also
shown in other CT antigens[24].

Figure 6  Western blot of recombinant HCA587 reacting with
positive serum. (lane 1: protein marker; lane 2: positive serum
of HCC; lane 3: negative control).

Figure 7  Serological analysis of HCC patients with recombi-
nant protein HCA587. (lane 2 and 11: positive; others: negative;
left: protein marker).

DISCUSSION
HCA587 was one of the SEREX-defined CT antigens identified
from HCC patients [14].  The protein of HCA587 was
immunogenic and capable of inducing an antibody response
as it was cloned by serologic method from the sera of HCC
patients. In view that the SEREX-defined NY-ESO-1 can
induce a CTL response and CTL-defined MAGE-1 has also
been identified by SEREX[17,18], this suggests that HCA587, as
a CT antigen, may possibly contain both B and T epitopes and
can elicit CTL responses. Because CTLs represent a major
arm of the immune response against cancer, the elicitation of
a specific CTL response against tumor Ags is one of the main
aims of current immunotherapy trial. Therefore, it is crucial to
define CD8+ T cell epitopes in HCA587 protein, which may
determine its potential vaccine candidates for HCC
immunotherapy. In addition, the mRNA expression rate of CT
antigens can reach 70 %(14/20) in liver cancer tissues from
HCC patients but not in normal liver tissue or cirrhosis,
indicating its potential functions in tumorigenesis[14]. Current
knowledge about this expression pattern is mainly based on
RT-PCR analysis, not based on protein levels[19-21], So
immunohistochemical analysis of HCA587 antigen expression
in HCC tissues is very necessary. Expression and purification
of HCA587 protein makes both CTL-mediated responses and
immunlohistochemical study become possible.
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     Bac-to-Bac baculovirus expression system was developed
which allows rapid and efficient generation of recombinant
baculovirus. With this system, recombinant virus DNA isolated
from selected colonies is not mixed with parental virus which
eliminate the need for multiple rounds of plaque purification.
High-titer virus are produced from the initial transfection too.
These features reduce the time to identify and purify
recombinant virus from 4 to 6 weeks to 7 to 9 days. In the
present study, The cDNAs of the HCA587 were subcloned
into pFasBacHTb donor vector at the BamHI and HindIII sites.
The recombinant bacmid-587 was constructed by transposing
a mini-Tn7 element from a pFasBacHTb donor plasmid to the
mini-attTn7 attachment site on the bacmid when the Tn7
transposition functions are provided in trans by a helper
plasmid in DH10Bac competent cells. After transfecting the
recombinant bacmid-587 to Sf9 cells, we successfully
expressed and purified the recombinant protein HCA587 which
contained 333 amino acids with 6 his tags at its N-termianl,
which makes the purification procedure more convenient with
its high affinity to Ni-NTA resin[22,23].
      Western blot analysis showed that the recombinant protein
HCA587 has the similar immunological reactivity with its
natural counterpart (Figure 6). It was used as antigen to screen
the generation of anti-HCA587 antibody in serum from HCC
patients. The results proved that HCC patients was able to
develop humoral immune response to HCA587 antigen, but
the frequency is not high (2/81). This low rate of seroreactivity
to allogeneic sera is similar to some other CT antigens, either
defined by a CD8+ CTL response (MAGE-1)[24] or by SEREX
(SSX-2)[25]. In a survey of humoral responses of cancer patients
against recombinant tumor antigens, it was indeed shown that
seroreactivity to MAGE gene products is uncommon, and sera
from 234 cancer patients showed antibodies to MAGE-1 in 3,
to MAGE-3 in 2, and to SSX-2 in 1 patient[24]. Since many
members of MAGE family have been shown to be recognized
by CTL from cancer patients[26-30], it would be important to
investigate possible HCA587 epitopes recognized by CD8+

and CD4+ cells. In conclusion, our experiments pave the way
for further study of HCA587 for the development of tumor
vaccine and clinical tumor diagnosis.
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Abstract
AIM: To investigate the global gene expression of cancer
related genes in hepatoma cell line HLE using Atlas Human
Cancer Array membranes with 588 well-characterized human
genes related with cancer and tumor biology.

METHODS: Hybridization of cDNA blotting membrane was
performed with 32P-labeled cDNA probes synthesized from
RNA isolated from Human hepatoma cell line HLE and non-
cirrhotic normal liver which was liver transplantation donor.
AtlasImage, a software specific to array, was used to
analyze the result. The expression pattern of some genes
identified by Atlas arrays hybridization was confirmed by
reverse transcription polymerase chain reaction (RT-PCR)
in 24 pairs of specimens and Northern blot of 4 pairs of
specimens.

RESULTS: The differential expression of cell cycle/growth
regulator in hepatocellular carcinoma (HCC) showed a
stronger tendency toward cell proliferation with more than
1.5-fold up-regulation of Cyclin C, ERK5, ERK6, E2F-3, TFDP-
2 and CK4. The anti-apoptotic factors such as Akt-1 were
up-regulated, whereas the promotive genes of apoptosis
such as ABL2 were down-regulated. Among oncogene/
tumors suppressors, SKY was down-regulated. Some genes
such as Integrin beta 8, Integrin beta 7, DNA-PK, CSPCP,
byglycan, Tenacin and DNA Topo were up-regulated. A
number of genes, including LAR, MEK1, eps15, TDGF1,
ARHGDIA were down-regulated. In general, expression of
the cancer progression genes was up-regulated, while
expression of anti-cancer progression genes was down-
regulated. These differentially expressed genes tested with
RT-PCR were in consistent with cDNA array findings.

CONCLUSION: Investigation of these genes in HCC is
helpful in disclosing molecular mechanism of pathogenesis
and progression of HCC. For the first time few genes were
discovered in HCC. Further study is required for the precise
relationship between the altered genes and their correlation
with the pathogenesis of HCC.

Liu LX, Liu ZH, Jiang HC, Zhang WH, Qi SY, Hu J, Wang XQ, Wu
M. Gene expression profiles of hepatoma cell line HLE. World J
Gastroenterol  2003; 9(4): 683-687
http://www.wjgnet.com/1007-9327/9/683.htm

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors and ranks the eighth in incidence of human
cancer in Asia, Africa and South Europe, and causes an
estimated 1 million deaths annually. The molecular mechanism
underling HCC is currently unknown[1-15]. Tumor development
and progression involves a cascade of genetic alterations.
Techniques frequently used in study of gene expression, such
as RT-PCR, differential display PCR and Northern blot
analysis, have their limitations including  requirement of large
amounts of RNA, time-consuming, and limited number of
genes being tested simultaneously. Hence, analysis of
expression profiles of a large number of genes in hepatoma
cell line is an essential step toward clarifying the detailed
mechanisms of hepatocarcinogenesis and discovering target
molecules for the development of novel therapeutic drugs.
     DNA microarray enables investigators to study the gene
expression profile and gene activation in thousands of genes
and sequences[16-25]. In this study, we used cDNA expression
microarray containing 588 genes related to carcinoma to
analyze genes that are differentially expressed in human
Hepatoma cell line HLE.

MATERIALS AND METHODS

Tissues and specimens
Four normal liver tissues without cirrhosis and 24 pairs of
primary HCC and corresponding noncancerous liver tissues
without cirrhosis were obtained with informed consent from
patients who underwent liver transplantation and hepatectomy
at the First Clinical College of Harbin Medical University.
Histopathological identification was confirmed by the same
pathologist. These specimens were immediately frozen in liquid
nitrogen once obtained.

Cell culture
The HCC cell line HLE, epithelial-like cells, established from
HCC patient in 1975 by Dr Dor was used in this study. HLE
was cultured in RPMI1640 (Sigma, Saint Louis, USA) media
containing 10 % fetal bovine serum, 1 % penicillin and
streptomycin in a 37  incubator. Cells were harvested at 70-
80 % confluence.

RNA isolation and purification
Total RNA of normal liver tissues was obtained by extracting
frozen tissues in Trizol (Life Technologies Inc., Gaitherbur,
MD) according to the manufacturer’s instructions. Normal liver
were made in spices and homogenized in Trizol solution
(1 ml/100 mg). Trizol was added into the bottles cultured with
HLE, after washed with cold PBS. The concentration of RNA
was assessed by absorbency at 260nm using a Nucleic Acid
and Protein Analyzer (BECKMAN 470, USA).
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cDNA microarray membrane
Atlas human cancer cDNA expression array (7742-1) was
purchased from Clonech Laboratories Inc (Palo Alto, USA).
The membrane contained 10 ng of each gene-specific cDNA
from 588 known genes and 9 housekeeping genes. The cancer-
related genes analyzed in this study were divided into six
different groups according to its function.

cDNA synthesis, labeling and purification
Total RNA was reverse-transcribed into cDNA and labeled
with α-32P dCTP using SuperscriptTM Preamplification system
for First Strand cDNA Synthesis Kit (Life Technologies,
Gaithersburg, MD) following the manufacture’s instructions.
The labeled first strand cDNA probes were purified by Spin
200 column (Clontech, Palo Alto, CA) to remove the
unincorporated nucleotides.

Membrane hybridization and exposure
Different probes were added to tubes containing Atlas human
cancer cDNA expression array, which were pre-hybridized at
68  for 2 hr, and hybridization was performed at 68  for
18 hr in rolling bottles. The membranes were washed strictly
and exposed to X-ray films (Fuji Films, Tokyo, Japan) at -70 
for 1-3 days.

Image and analysis
The images were scanned with Fluor-S MultiImager (Bio-Rad,
Hercules, CA) and analyzed with AtlasImage analysis software
Version 1.01a (Clontech, Palo Alto, CA). Human glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was selected for
normalization because its expression was constant in cancer
array hybridization system. The normalized intensity of each
spot representing a unique gene expression level was acquired.
Genes were considered to be up-regulated when the intensity
ratio was ≥1.5 or the difference was ≥10 000 between the
expressions of HLE and normal liver tissues.

Semi-quantitative RT-PCR
To confirm the cDNA array results, semi-quantitative RT-PCR
of 24 pairs of HCC tissues and normal liver tissues was
performed for two genes (TFDP2, E2F3) displaying expression
alterations. Twenty-five ml reaction mixture was performed
under the following conditions: denaturation at 95  (3 min);
24 cycles of 94  (30 s), 60  (30 s) and 72  (45 s); then 72 
extension (3 min). GAPDH were used as an internal reference
in each PCR reaction. The 5 ml RT-PCR product was analyzed
by electrophoresis on a 1.5% agarose gel.
    Primer were as follows: GAPDH, forward primer 5’-
ACCACAGTCCATGCCATCAC-3’ and reverse primer 5’-
TCCACCACCCTGTTGCTGTA-3’; TFDP2, forward primer
5’- GGAGTCAGGCAAATGCTCTC-3’and reverse primer 5’-
GCTAAGGCCACTTCTGCATC-3’; E2F3, forward primer
5’- TTATGACTGCGTGAGCCTTAG-3’ and reverse primer
5’- AGAGCCACAACAAAGAACAGA -3’.

Northern blot
RNAs of HCC and normal liver tissues were electrophoresed
in a 1.5 % agarose gel containing 2.2M formaldehyde, and
then transferred onto a nylon membrane (Zeta-Probe, Bio-Rad,
USA) by capillary action. RNA was permanently attached to
the membrane by UV illumination for 150 s (GS Gene Linker,
Bio-Rad, USA). The hybridization probe was obtained by
PCR. The primers were as follows: β-actin, forward primer 5’-
CGTCTGGACCTGGCTGGCCGGGACC-3’ and reverse primer
5’-CTAGAAGCATTTGCGGTGGACGATG-3’; TFDP2,
forward primer 5’- GGAGTCAGGCAAATGCTCTC -3’ and
reverse primer 5’- CTGCCCTCAGTATCCCTCAC-3’; E2F3,

forward primer 5’- AAGAGCAGGAGCAGAGAGATG-3’
and reverse primer 5’- TTTGACAGGCCTTGACACTG-3’.
α-32P-labeled cDNA probes were synthesized using Primer-a-
Gene random labeling Kit (Promega, USA). Hybridization was
performed overnight in rolling bottles containing 8 ml of
hybridization buffer. The membranes were washed and
exposed to X-ray films (Fuji Films, Tokyo, Japan) at -70 
for 24-48 h.

RESULTS

Atlas human cancer cDNA microarray expression profile
Using a cDNA expression microarray technique we established
the expression profile of 588 genes selected from different
areas in human hepatoma cell line HLE and normal liver tissues
(Figure 1A, 1B). No signals were visible in the blank spots
and negative control spots indicating that the Atlas human
cancer array hybridization was highly specific. The intensity
for housekeeping genes was similar at the same time indicating
that the results were credible. GAPDH was used to normalize
the intensities. The comparison results analyzed by AtlasImage
software showed that there were 30 genes changed, 22 up-
regulated and 8 down-regulated in Hepatoma cell line HLE
versus normal liver tissues. In the test, the ratio one over the
other ≥1.5 or the difference between two ≥10 000 was
considered as up-regulated genes (Table 1).

Table 1  Genes differentially expressed between hepatoma cell
line HLE and normal liver tissues generated by AtlasImage
software (Version 1.01a)

Gene    Ratio     Difference Protein/gene

F6k    0.361         -7908 TDGF1 + TDGF2 + TDGF3

B7g    0.412         -9606 SKY (DTK) (TYRO3) (RSE)

A5b    0.484         -8262 ERK activator kinase 1; MAPK/ERK kinase 1 (MEK1)

C5f    0.487         -8154 Epidermal growth factor receptor substrate (eps15)

E5b    0.504       -14946 Rho GDP-dissociation inhibitor 1

D6c    0.662       -10998 Semaphorin E

B7j    0.664       -12474 Tyrosine-protein kinase ABL2 ; tyrosine kinase ARG (ABLL)

F5l    0.732       -12132 Leukocyte interferon-inducible peptide

B2g    1.237       10252 TRAF-interacting protein (TRIP)

B3h    1.241       10508 Caspase-8 precursor; MACH; FLICE; (CAP4) (CASP8)

D5f    1.363       12000 CD9

C7l    1.381       14882 Retinoic acid receptor gamma

A3i    1.387       14088 CDK inhibitor p19INK4d

C7m    1.401       13224 Retinoid X receptor beta (RXR-beta)

C6n    1.444       11820 Sex  gene

D3e    1.52         17176 Vitronectin precursor; serum spreading  factor;

D4b    1.61         16212 Integrin alpha8

D2n    1.692       19718 TENASCIN-R

C1a    1.804       15096 DNA-dependent protein kinase (DNA-PK)

A4j    2.008       17856 Extracellular signal-regulated kinase 6 (ERK6) (ERK5)

D1b    2.038       20026 Byglycan

A7d    2.06         18522 Type II cytoskeletal 11 keratin; cytokeratin 1 (K1; CK 1);

A2k    2.061       18084 Cyclin C  G1/S-specific

D4j    2.178       27156 Integrin beta7

D4k    2.252       28122 Integrin beta8

A7g    2.257       13428 Type II cytoskeletal 4 keratin; cytokeratin 4 (K4; CK4)

D1a    2.31         29184 Cartilage-specific proteoglycan core protein

(CSPCP); aggrecan1

A5i    2.418       10668 E2F-3

B4d    2.474       11814 Akt1; rac protein kinase alpha;  protein kinase B; c-Akt

A5l    4.256       37824 DP2 dimerization partner of E2F



Figure 1  Parallel analyses of gene expression profiles in hu-
man hepatoma cell line HLE and normal liver tissues. Atlas
human cancer cDNA expression array (Clontech, USA) was
hybridized with 32P-labeled cDNA probes in normal liver tis-
sues (A) and human hepatoma cell line HLE (B).

Semi-quantitative RT-PCR
Twenty four paired tissues were performed for RT-PCR to
verify accuracy and universality of the hybridization data. The
RT-PCR results for 2 genes were consistent with hybridization
data after normalization. Among the 24 paired tissues, the RT-
PCR results of 2 genes were identical to the microarray results
and the constituency was TFDP2 17/24, E2F3 16/24,
respectively (Figure 2).

Figure 2  Partial semi-quantitative RT-PCR for 2 genes in 24
paired tissues. A total of 10 µl RT-PCR products were electro-
phoresed on 2 % agarose gel containing ethidium bromide.
GAPDH was used as an internal control. (RT-PCR, reverse tran-
scription polymerase chain reaction; N, adjacent normal liver
tissue; C, human hepatocellular carcinoma tissue; GAPDH,
glyceraldehyde-s-phosphate dehydrogenase; M, pUC Mix
Maker).

Northern blot
Northern blot of four paired tissues were performed and verified
the accuracy of the microarray. Among the 4 paired tissues,
the northern blot results of 4 genes further meant that the Atlas
human cancer cDNA microarray data were believable and
comparable (Figure 3).

Figure 3  Northern blot analysis of 2 genes to confirm the Atlas
human cancer cDNA expression array. Four paired cases were
used to determine these genes expression patterns. Twenty µg
RNA was analyzed on a 1.2 % denaturing agrose gel and trans-
ferred onto a nylon membrane. 32P-labeled cDNA probes for
these genes were hybridized to the RNA-blotted membranes.
After stringent washes, membranes were exposed to X-ray film
overnight at -70 . The same membranes were rehybridized
with human β-actin for an RNA loading control (N, adjacent
normal liver tissue; C, human HCC tissue).

DISCUSSION
In this study, we explored the gene expression profiles in human
hepatoma cell line HLE and normal liver tissues using Atlas
human cancer array. cDNA array technology was used to
examine simultaneously the expression of specific genes on a
single hybridization. Although human genome projects have
generated a large-scale sequence data for millions of genes,
the biological functions of such genes remain to be deciphered.
It is very important to define differential gene expression
profiles of tumors and normal tissues before understanding
the functional significance of specific gene products. Thus a
systematic approach for examining large number of genes
simultaneously is required. Microarray techniques have been
developed in this conditions[23]. The gene expression profiles
obtained from microarray technique was first reported in
1995[16]. It might be useful for tumor classification, elucidation
of key factor in tumors, and identification of genes[24-27].
    Several genes related to cell cycle regulators, growth
regulators were abundantly up-regulated in our HCC samples.
E2F-3 is a transcription factor that plays an important role
during the cell cycle of proliferating cells, its products are rate
limiting for initiation of DNA replication[28]. E2F-3 is able to
activate transcription of E2F-responsive genes in a manner
depending upon the presence of at least one functional E2F
binding site[29,30]. TFDP2 gene is a member of the TFDP genes
family of transcription factors. TFDP2 protein can form
heterodimers with E2F family proteins in vivo. The E2F-TFDP
transcription factors are major regulators of genes that are
required for the progression of S-phase and they play a critical
role in cell cycle regulation and differentiation[29]. TFDP2 may
plays a major role in modulating the function of E2F in cell
cycle regulation and oncogenesis. The retinoblastoma tumor
suppressor protein has been shown to induce growth arrest by
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binding to E2F-TFDP and repressing its activity[31]. The up-
regulation of E2F-3 and TFDP2 may play an important role in
HCC cell proliferation.
     Protein kinase B (PKB)/Akt is a growth-factor-regulated
serine/threonine kinase which contains a pleckstrin homology
domain[32]. Activated PKB/Akt provides a survival signal that
protects cells from apoptosis induced by various stresses, and
also mediates a number of metabolic effects of insulin[33]. The
up-regulation of Akt1 may have a great help for tumor cell to
survive from apoptosis.
      In our study, genes related to DNA repair and recombination
was up-regulated in HLE, which indicates that the generative
ability of tumor cell was stronger than that of normal
hepatocytes. DNA-dependent protein kinase (DNA-PK) is a
nuclear protein serine/threonine kinase that is activated by DNA
double strand breaks (DSBs). It is a component of the DNA
DSB repair apparatus, and cells deficient in DNA-PK are
hypersensitive to ionizing radiation and radio-mimetic drugs[34].
DNA-PK may have roles in controlling transcription, apoptosis,
and the length of telomeric chromosomal ends. The DNA-PK
complex is regulated in a cell cycle-dependent manner, with
peaks of activity found at the G1/early S phase and again at the
G2 phase in wild-type cells[35].
    Integrins are a major family of cell adhesion molecules
involved in cell-cell and cell-extracellular matrix interactions.
Integrins are suggested to be involved in many different
biological processes such as growth, differentiation, migration,
and cell death. The integrin alpha 8 beta 1 has been reported to
bind to fibronectin, vitronectin, tenascin-C and osteopontin in
cell adhesion or neurite outgrowth assays[36,37]. Integrins are
heterodimeric cell adhesion proteins connecting the
extracellular matrix to the cytoskeleton and transmitting signals
in both directions[38]. The up-regulation of Integrin may play a
role in HCC metastasis.
     In conclusion, our study demonstrates the cDNA array is a
powerful tool to explore gene expression profiles in cancer.
The genes described in this study provide valuable resources
not only for basic research, such as molecular mechanism of
carcinogenesis, progression and prognosis, but also for clinical
application, such as development of new diagnostic markers,
identification of therapeutic intervention in human HCC.
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Abstract
AIM: To construct a gene modified hepatocellular carcinoma
(HCC) specific EGFP expression vector regulated by
abbreviated cis-acting element of AFP gene.

METHODS: The minimal essential DNA segments of AFP
gene enhancer and promoter were synthesized through PCR
from Genome DNA of HepG2 cells. Gene fragments were
then cloned into the multiple cloning site of non-promoter
EGFP vector pEGFP-1. Recombinant plasmid was transferred
into positive or negative AFP cell lines by means of
lipofectamine. The expression of EGFP was tested by
fluorescence microscope and flow cytometry. The effect of
all-trans retinoic acid (ATRA) on the expression of EGFP was
tested in different concentrations.

RESULTS: By the methods of restriction digestion and
sequence analyses we confirmed that the length, position
and orientation of inserted genes of cis-acting element of
AFP were all correct. The transcription of EGFP was under
the control of AFP cis-acting element. The expressing EGFP
can only been detected in AFP producing hepatoma cells.
The expression rate of EGFP in G418 screened cell line was
34.9±4.1 %. 48 h after adding 1×10-7M retinoic acid, EGFP
expression rate was 14.7±3.5 %. The activity of AFP gene
promoter was significantly suppressed by addition of 1×10-7M
retinoic acid (P<0.05, P=0.003, t=6.488).

CONCLUSION: This recombinant expression vector can be
used as a gene therapy vector for HCC. The expression of
tumor killing gene will be confined within the site of tumor
and the activity of which can be regulated by retinoic acid.

Lu SY, Sui YF, Li ZS, Pan CE, Ye J, Wang WY. Construction of a
regulable gene therapy vector targeting for hepatocellular
carcinoma. World J Gastroenterol  2003; 9(4): 688-691
http://www.wjgnet.com/1007-9327/9/688.htm

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
tumors worldwide, especially in several areas of Asia and
Africa. It is the cause of death of around 1 000 000 people

annually. Although many new methods appeared as palliative
protocols in the past 30 years, patient survival after onset of
symptoms remained dismal[1-3]. Surgical treatment such as
resection or orthotopic liver transplantation is potentially
curative only for patients with small and localized HCC[4].
Transfer of therapeutic genes to tumor mass or to the
peritumoral tissues provides a promising new approach for
cancer therapy[5-8]. Both viral and non-viral vectors were used
to transfer genetic material to the interior of target cells[9].
Experiments demonstrate that tissue and transcriptional
targeting expression of transgenes in tumor cells not only
improves the outcome of treatment, but also reduces systemic
toxicity[10]. This results in a much higher therapeutic index.
Alpha-fetoprotein (AFP) is over expressed in about 70 % of
HCC cases[11]. Several groups have used AFP promoter or/and
enhancer to control foreign gene expression in different vectors
[12, 13]. We constructed a gene modified AFP cis-acting element
using the minimal essential DNA segments of AFP gene
enhancer and promoter. Specific transcription activity of this
element and it’s response to the addition of ATRA were tested
using reporter gene vector pEGFP-1.

MATERIALS AND METHODS

Reagents
Reagents were obtained as follows: EX Taq DNA Polymerase,
DNA Ligation Kit Ver.2, restriction endonuclease (TakaRa
Biotechnology (Dalian) Co. Ltd.); DNA isolation and
Purification kit (ShangHai ShunHua Biotechnology Ltd.);
LipofectamineTM 2000 (Invitrogen); IPTG, X-gal, DNA maker
(Sino-American Biotechnology Company); Dulbecco’s
Modified Eagle Media: high glucose, with L-glutamine
(DMEM) and G418 (GibcoBRL); all-trans retinoic acid,
ATRA (Sigma).

Plasmids
pBluescript II ks(+) vector was preserved in our laboratory.
The reporter gene vector pEGFP-1 was purchased form
Clontech. This vector encoded a red-shifted variant of wild-
type green fluorescent protein (GFP), which had been optimized
for brighter fluorescence and higher expression in mammalian
cells. This vector was also a non-promoter EGFP vector which
could be used to monitor transcription from different promoters
and promoter/enhancer combinations inserted into the MCS
located in upstream of the EGFP coding sequence.

Cell lines
HepG2 and SMMC-7721 are human hepatoma cell lines produce
or do not produce AFP. Hela is human cervical cancer cell line,
all Cell lines were cultured in Dulbecco’s modified Eagle’s
medium, high glucose content, containing 10 % heat-inactivated
fetal calf serum, 100 units/ml penicillin, 100 µg/ml streptomycin,
0.292 mg/ml glutamine. The cell lines were incubated in a
humidified 5 % CO2 and 95 % air incubator at 37 .

Polymerase chain reaction (PCR)
The primer sequences used for PCR were used as reported[14, 15].



For PCR amplification, genomic DNA were extracted from
1×106 HepG2 cells and digested by EcoR I/Xho I. PCR was
performed in a total volume of 50 µl consisting of 1 µM each
primer, 200 µM each dNTP, 5 µL 10×polymerase reaction
buffer, and 1.25U EX Taq DNA Polymerase with 1 µL digested
DNA. The samples were heated to 94  for 5 min followed
by amplification for 30 cycles of 30s at 94 , 50s at 55 ,
and 1 min at 72 . After the last cycle, a final extension step
was done at 72  for 7 min. Then 10 µl of each PCR product
was analyzed by 1 % agarose gel (containing 0.5 µg/mL EB)
electrophoresis. After which the amplified PCR products were
purified from agarose gel according to DNA purification kit
description. The abbreviated gene fragments of AFP enhancer
(e) and promoter (p) were subcloned into pBluescript II ks(+).
The positive clones were selected from the transfected DH5α
and performed as described in reference[16]. The constructed
plasmids (designated as ks-e, ks-p) were identified by
restriction enzyme analysis. DNA sequences were verified by
DNA Sequencing Core Facility in Bioasia (ShangHai)
Biotechnology Company.

Construction and identification of expressing vector
pEGFP-1-EP
Gene fragments of AFP enhancer (e) and promoter (p) were
released by EcoR I-Sal I, and Sal I-BamH I double digestions
respectively, and inserted into the EcoR I- BamH I sites of
pEGFP-1. The Recombinant was identified by restriction
endonuclease digestion. The restriction maps of pEGFP-1-EP
were shown in Figure 1.

Figure 1  Gene map of pEGFP-1-EP.

Transient EGFP expression
18 hours before transfection, 2×105 HepG2, SMMC-7721 and
Hela cells were plated into 12-well culture plates. At the bottom
of each well, a sterilized coverslip was placed in advance. When
the plated cells were 90 to 95 % confluence, transfection was
performed with 1 µg of DNA (pEGFP-1 or pEGFP-1-EP) per
dish, using LipofectamineTM 2000 reagent according to the
manufacturer’s instruction. 48 h after transfection, the cells were
washed twice with cold PBS (0.01M) and fixed with 4 %
paraformaldehyde for 30 min at room temperature. Coverslips
were then mounted directly onto a glass slide with a tiny drop
of 50 % glycerol in PBS (9.1 mM Na2HPO4/1.7 mM NaH2PO4

/50 mM NaCl, pH 7.4). Fluorescent images were captured at
490nm using a Nikon Eclipse E1000 microscope attached to a
MicroMax camera (Princeton Instruments, Trenton, NJ).

Effect of all-trans retinoic acid (ATRA) on the expression of EGFP
A similar transfection procedure was perfomed to transfect
vector pEGFP-1-EP for stable EGFP expression. After 48 h of
transfection, the cells were passaged at a 1:4 dilution into fresh
medium. The next day, selective medium (G418 400 µg/mL)

was added to the cells for screening of stable lines of transfected
cells. After culturing for an additional 2 weeks in G418, cells
expressing  EGFP fluorescence were selected using a
fluorescence-activated cell sorter. The EGFP-positive cells were
maintained in growth medium supplemented with 400 µg/mL
G418. For RA regulation studies, stably transfected cells were
plated on 12-well dishes at 1×105 cells/well in growth medium
with G418, incubated overnight, then changed into the medium
with or without all-trans retinoic acid (1×10-7M, 2.5×10-7M,
1×10-6M ATRA) (without G418). The expression rate of EGFP
fluorescence was measured by flow cytometry (ETITE ESP,
COULTER Company) 48 h later. The green fluorescence was
analyzed through a 530-nm/30-nm band pass filter after
illumination with the 488-nm line of an argon ion laser.

Statistical analysis
All experiments were performed three times in triplicate, the
data were presented as the mean ± SEM, and compared by
Student’s t test.

RESULTS

PCR amplification and DNA sequencing of gene modified AFP
enhancer and promoter
Electrophoretic result of PCR products showed that the size of
amplified DNA fragments was consistent with design. Through
PCR amplification of AFP promoter we obtained two gene
fragments (0.3kb, 0.5kb). The 0.3kb fragment was what we
expected, the 0.5kb one was nonspecific amplification (Figure
2). PCR products were subcloned into pBluescript II ks(+)
vector. The DNA Sequencing results confirmed that DNA
sequence of both fragments was correct.

Figure 2  PCR result of gene segments. A. 200bp DNA marker;
B. enhancer of AFP; C. promoter of AFP.

Gene modified AFP cis-acting element was successfully
inserted into the MCS of pEGFP-1
Recombined AFP cis-acting element was 1 035 bp with EcoR
I and BamH I restriction site on each side. The size of pEGFP-
1 was 4.2 kb, which had BglII and Hind III sites in the 3’-side
of MCS. The expressing vector pEGFP-1-EP was digested by
BglII/Sal I/BamH I, and Xho I/BamH I, and Hind III
respectively. 0.73 bp-0.31bp, and 1.03bp, and 0.27 bp DNA
fragments appeared (Figure 3). This result meant that the size,
direction of cis-acting element were correct and the
construction of expressing vector was successful.

Specific expression of EGFP in AFP positive hepatoma
Three cell lines were transfected with plasmid pEGFP-1 and
pEGFP-1-EP simultaneously. The expression of EGFP could
only be detected in HepG2 cells (AFP positive) transfected
with pEGFP-1-EP (Figure 4). The transient expression rate of
EGFP in HepG2 was 16 %. Hela cell and SMMC-7721 cell
(AFP negetive) did not express EGFP. The HepG2 cell
transfected with pEGFP-1 also did not express EGFP. So we
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could conclude that gene modified cis-acting element retained
specific transcription activity in AFP positive cells.

Figure 3  Enzyme digestion analysis of the recombinant ex-
pression vector. A. 200bp DNA marker; B. pEGFP-1-EP (BglII,
Sal I, BamH I); C. pEGFP-1-EP (Xho I, BamH I); D. pEGFP-1-EP
(Hind III); E. pEGFP-1(EcoR I, BamH I).

Figure 4  Transient expression of EGFP. A. EGFP expressing
in HepG2; B. EGFP do not express in Hela cells.

The expressing of EGFP can be suppressed by the adding of ATRA
EGFP-expressing HepG2 cell line was obtained through two
weeks screening by adding G418 into the culture medium. These
cells were then cultured in the medium with or without retinoic
acid for 48 h and measured by flow cytometry. The expression
rate of EGFP was 34.9±4.1 % in cells without retinoic acid and
14.7±3.5 %, 13.5±2.7 %, 12.1±3.9 % in cells adding 1×10-7M,
2.5×10-7M, 1×10-6M retinoic acid (Figure 5). Transcription
activity of modified AFP cis-acting element was suppressed by
adding either concentration of retinoic acid (P<0.05).

Figure 5  The expression of EGFP suppressed by ATRA. A.
stable expression of EGFP in HepG2; B. expression of EGFP
suppressed by 2.5×10-7M ATRA.

DISCUSSION
There are numerous gene therapy strategies that have been
applied to the treatment of HCC. They include gene
replacement (e.g. tumor suppressor genes), antisense strategies,
drug sensitization (suicide genes), genetic immunotherapy
(cytokines, costimulatory molecules, polynucleotide
vaccination), and interventions to interfere with the biology
of the tumor growth (antiangiogenesis)[17-19]. But HCC
frequently occurs in patients with liver cirrhosis, the potentially
toxic effects of gene transfer may have marked deleterious
consequences, so the targeted gene transfer or the specific
expression of transfected genes to hepatoma cells is vital for
gene therapy of HCC.
     A practical system to ensure tumor-restricted expression
of the transgenes is the use of tumor-specific promoters. Since
elevated levels of AFP have been observed in about 70 % of
hepatocellular carcinomas[20], using AFP transcriptional
sequence to achieve hepatocellular carcinoma specific gene
expression is an ideal way. Arbuthnot et al[21, 22]. demonstrated
that retroviral and adenoviral vectors containing the lacZ
reporter gene under the control of AFP regulatory sequences
resulted in the specific expression of the lacZ gene only in
HCC cells with AFP expression. Similar results were reported
by Kanai et al[23]. who demonstrated that expression of the
herpes simplex virus thymidine kinase (HSV-tk) gene by
adenovirus from AFP promoter/enhancer induced the cells to
be sensitive to ganciclovir (GCV) in the AFP-producing cells.
But The AFP gene has a large and complex transcription control
region which is located within a region from -7.6 kb to the
transcription starting site. It contains the promoter, the
enhancer, and the silencer that contain specific binding sequences
for the transcription factors and provide precisely regulated AFP
gene transcription[24, 25]. Most investigators have used human AFP
5’-flanking region that including the all the trans- and cis-acting
elements from AFP 5’-flanking sequences [24, 26-29] as a hepatoma
specific regulation element. Although this sequences can
achieve sufficient cytotoxicity in AFP-producing hepatoma
cells, but also induce a killing effect on hepatic stem cells that
also express AFP and appear in the injured liver, thus resulting
in damage of the hepatic reserve and a poor prognosis for
patients with HCC. On the other hand, the package capacity of
most gene therapy vectors is very small, which cannot
accommodate the whole transcriptional sequence of AFP in
the construct. The activity of promoter alone is too weak to be
used in targeting gene therapy. In this study, we subcloned the
minimal essential enhancer region (-4.0 to -3.3) and 0.3 kb
minimal promoter of human AFP gene, and constructed
abbreviated HCC specific cis-acting element. The expressing
of the report gene (EGFP) was detected in AFP-producing
hepatoma cells (HepG2), and none in non-AFP-producing
hepatoma (SMMC-7721) and nonhepatoma cells (Hela). So
this minimal cis-acting element well conserved the specific
transcription characteristic of AFP 5’-flanking sequences. This
element is very small (1.0 kb) and fits to the package capacity
of most conventional gene therapy vectors.
      The expression of AFP is under the control of retinoic acid
which both activates and represses AFP expression in different
cell lines[30, 31]. Within the AFP gene regulatory region three
elements determining sensitivity for retinoic acid have been
revealed. One of them is localized in promoter (-139/-127 bp)
and overlaps with other transcription factor binding sites[31].
The influence of retinoic acid on AFP gene expression can be
carried out both by means of HNF induction and through the
hormone-receptor complex binding to the corresponding sites
in AFP regulatory elements[32]. Activation of the AFP gene by
RA had been reported in McA-RH8994 and F9 cell lines[30, 31],
while AFP was down-regulated by RA in the human hepatoma
cell line Hep3B. How can RA regulate the expression of AFP
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in HepG2 human hepatoma cell line is rarelys reported. In this
study we established an EGFP-expressing HepG2 cell line,
the expressing of EGFP is under the control of modified cis-
acting element of AFP. When treated with ATRA, we found
that the transcription activity of AFP cis-acting element could
be significantly suppressed by 1×10-7 M ATRA. So when we
use this transcription element as a regulator of anti-tumor gene
the cytotoxicity effects on target cell can be controlled by RA
within the expected range. This is very important when a gene
therapy vector is applied clinically.
     There are restriction sites in the upstream or downstream
of EGFP in the expressing vector pEGFP-1-EP, through which
we can replace EGFP with any tumor-killing gene. So this
vector can be used as a gene therapy vector targeting for
hepatocellular carcinoma. The transcription activity of
hepatocellular carcinoma specific promoter can be controlled
by the adding of ATRA.
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Abstract
AIM: One of the characteristics of hepatocellular carcinoma
(HCC) in Qidong area is the selective mutation resulting in a
serine substitution at codon 249 of the p53 gene (1, 20),
and it has been identified as a “hotspot” mutation in
heptocellular carcinomas occurring in populations exposed
to aflatoxin and with high prevalence of hepatitis B virus
carriers (2, 3, 9, 10, 16, 24). We evaluated in this paper
whether this “hotspot” mutation could be detected in cell-
free DNA circulating in plasma of patients with hepatocellular
carcinoma and cirrhosis in Qidong, China, and tried to illustrate
the significance of the detection of this molecular biomarker.

METHODS: We collected blood samples from 25
hepatocellular carcinoma patients, 20 cirrhotic patients and
30 healthy controls in Qidong area. DNA was extracted and
purified from 200 µl of plasma from each sample. The 249Ser

p53 mutation was detected by restriction digestion analysis
and direct sequencing of exon-7 PCR products.

RESULTS: We found in exon 7 of p53 gene G T transversion
at the third base of codon 249 resulting 249Arg 249Ser

mutation in 10/25 (40 %) hepatocellular carcinoma cases,
4/20 (20 %) cirrhotics, and 2/30 (7 %) healthy controls.
The adjusted odds ratio for having the mutation was 22.1
(95 % CI, 3.2~91.7) for HCC cases compared to controls.

CONCLUSION: These data show that the 249Ser p53
mutation in plasma is strongly associated with hepatocellular
carcinoma in Qidong patients. We found this mutation was
also detected, although it was at a much lower frequency,
in plasma DNA of Qidong cirrhotics and healthy controls;
We consider that these findings, together with the usual
method of HCC diagnosis, will give more information in early
diagnosis of HCC, and 249Ser p53 mutation should be
developed  to a new early diagnostic marker for HCC.

Huang XH, Sun LH, Lu DD, Sun Y, Ma LJ, Zhang XR, Huang J,
Yu L. Codon 249 mutation in exon 7 of p53 gene in plasma
DNA: maybe a new early diagnostic marker of hepatocellular
carcinoma in Qidong risk area, China. World J Gastroenterol
2003; 9(4): 692-695
http://www.wjgnet.com/1007-9327/9/692.htm

INTRODUCTION
Qidong is a high risk area of hepatocellular carcinoma (HCC),
chiefly due to chronic hepatitis B virus (HBV) infection, and
exposure to AFB1[1, 2]. HCC is a major cause of cancer death in
this area. Epidemiological and experimental evidence show that
hepatitis B virus (HBV) and dietary exposure to aflatoxin B1
(AFB1) contribute to hepatocarcinogensis[3-9]. About 10-15 %
of the Qidong populations are chronically infected with HBV
(LU. PX et al, 1991). An analysis of individual biomarkers of
aflatoxin exposure in Qidong (Daxing country) has shown
99 % (791/792) of individuals with detectable serum aflatoxin-
albumin adducts (Zhu YR et al, 1999).
     p53 mutations have been identified in several human
cancers[10-12]. A selective G to T transversion mutation at codon
249 (AGG AGT, arginine to serine) of the p53 gene has been
identified as a “hotspot” mutation for HCC in Qidong area[13-16].
Data from Qidong Liver Cancer Institute have suggested that
this mutation in HCC is strongly associated with exposure to
AFB1[13]. Recent research in Gambia[17] has shown that in some
human cancers, circulating tumor DNA can be successfully
retrieved from plasma or serum and used as a surrogate
material to analyze for genetic alterations present in the
original tumor[18-20]. We adopted this approach to evaluate the
presence of 249Ser p53 mutation in plasma from HCC cases,
cirrhotic patients and healthy controls, and this mutation could
be regarded as a new biomarker in HCC earlier diagnosis.

MATERIALS AND METHODS
Subjects and specimens
Blood samples from 25 cases of HCC, 20 cirrhotic patients
and 30 healthy controls were collected in Qidong Liver Cancer
Institute. The definition for 25 cases of HCC included
compatible clinical and ultrasonographic findings and serum
AFP levels. The ultrasonographic data were most important.
20 Cirrhotic patients were included as an additional referent
group for evaluation of factors associated with progression to
HCC. The diagnosis of cirrhosis was also based on compatible
clinical history and by ultrasonographic method. 30 cases of
controls were recruited from the outpatient clinics among
individuals with no history or clinical findings suggestive of
liver disease, and have the same distributions of age, gender
and recruitment site with the HCC and cirrhotic cases.

DNA extraction
Blood samples anticoagulated with EDTA were processed
immediately after collection, plasma was transferred to a plain
tube and stored at -70  at Qidong Liver Cancer Institute.
AFP and HBV serological testing was performed using standard
laboratory kits. A 500 µl aliquot of plasma was shipped in
liquid nitrogen to the state key laboratory of genetic
engineering, Fudan University (Shanghai), for 249 Ser testing.
DNA was extracted from 200 µl of plasma using a QiAamp
blood kit (Qiagen Company) according to the manufacturer’s
protocol. The purified DNA was eluted from silica column
with 50 µl of Nuclease-Free Water.



PCR
Primers used for PCR amplification synthesized by Sangon
company (Shanghai) were as follows: p1 (up) (5’-ctt gcc aca
ggt ctc ccc aa-3’), p2 (down) (5’-agg ggt cag cgg caa gca ga-
3’). The expected size of the product was 254 bp, and this
fragment was located in the exon 7 of p53 gene.
     Using TaKaRa PCR kit, the 25 µl reaction included 18.3 µl
ddH2O, 2.5 µl 10×buffer, 1 µl dNTPs, 0.5 µl primer 1, 0.5 µl
primer 2, 0.2 µl Taq DNA polymerase, 2 µl DNA templates.
The thermo-cycling conditions were 94  for 5 min, and 40
cycles of 94  for 30 sec, 60  for 30 sec, 72  for 30 sec,
and finally 72  for 10 min in a  Peltier Thermal Cycler (PTC
200). The amplification products (254 bp) were visualized by
staining with ethidium bromide, after electrophoresis on 2 %
agarose gel.

Purification of PCR products
To obtain enough amounts of DNA fragments for further
testing, 1 µl of PCR product of each sample was picked up as
template to have another PCR reaction with the same
amplifying condition. The PCR products were then purified
with 3S PCR Product Purification Kit (Biocolor Biological
Science & Technology Co., Ltd) to eliminate some impurities
such as dNTPs, primers, polymerase, and mineral oil.

Mutation detection by restriction analysis
The 254 bp of purified DNA fragment, which is derived from
exon 7 of p53 gene, was submitted to restriction enzyme Hae
III (New England Biolabs Company) digestion. The restriction
enzyme digestion reaction system was as follows: 1 µl HaeIII,
2 µl 10×buffer2, 5 µl DNA fragment, 12 µl ddH2O (20 µl total
volume). These reaction systems were submitted to 37  water
incubation for 4 hours. Enzyme Hae III cleaves a GG/CC
sequence at codons 249-250, generating 92bp, 66bp and several
small fragments from the 254 bp purified DNA product of the
PCR reaction. If there is a mutation at codon 249-250 resulting
in an uncleaved, 158bp fragment, and this feature will be
distinguished from that of normal samples on 2 % agarose gel
stained with ethidium bromide. Absence of the band at 254 bp
(full-length PCR products) provides a control for complete
digestion of the PCR product. In our protocol, we also arrange
positive (with 249 mutation) and negative (wild-type) controls.
The presence of the uncleaved 158 bp fragment indicates that
there are mutations in the corresponding samples, and DNA
fragments of these special samples were analyzed by automated
DNA sequencing (ABI 377) using BigDye Terminator Cycle
Sequencing Ready Reaction Kit (PE company).

Statistical analysis
Pearson’s chi-square and Fisher’s exact test were used to assess
statistical significance of frequency tables of independent
variables and 249 Ser mutations as a dichotomous variable.
Multivariable logistic regression analysis was performed to
estimate odds ratios (OR) along with 95 % confidence intervals
(CI) to estimate the risk of mutation among the different study
groups considering age, gender, recruitment site, and hepatitis
B surface antigen status as potential confounders.

RESULTS
The characteristics of the 75 subjects from Qidong were
evaluated in the study (Table 1).
      HCC cases, cirrhosis cases and controls from Qidong were
of similar age and gender distribution. 84 % of HCC cases,
65 % of cirrhotics and 13 % of controls were positive for
hepatitis B surface antigen (HBsAg), a marker of chronic
infection with HBV (P<0.001 for difference between groups).

80 % of HCC cases, 70 % of cirrhotics and 0 % of controls were
positive for serum alpha-fetoprotein positive (AFP>100 ng/ml).

Table 1  Characteristics of study participants from Qidong

  Hepatocellular    Cirrhotics    Controls
    carcinomas

         (25)       (20)             (30)

Age (average [range], in years)     49 (27-70)  39 (25-65)     45 (19-87)

Number of males (%)        20 (80)    17 (85)          25 (83)

Hepatitis B surface antigen positive (%)  21 (84)    13(65)           4 (13)

Serum alpha-fetoprotein positive  (%)     20 (80)    14 (70)          0 (0)

      The electrophoresis on 2 % agarose gel shows that the 254
bp specific DNA fragments amplified between p1 and p2 are
at the appropriate location according to the DNA molecular
weight markers (Figure 1).

Figure 1  The electrophoresis map of PCR products. Lane 1:
DNA Molecular weight markers. Lane 2-9: PCR products of
partial samples.

    DNA fragment from each sample was digested with
restriction enzyme HaeIII. Presence of undigested 158 bp
fragments on 2 % agarose gel indicates that there is a point
mutation in the Hae III recognition site (Figure 2).

Figure 2  Mutation at coden 249 was identified by restriction
digestion. Lane 1: negative control, Lane 2: positive control,
Lane 3-9: HCC samples, Lane 10: DNA molecular weight
markers.

      p53 exon 7 fragments from normal controls (wild type) and
mutation (identified by restriction digestion) HCC cases were
sequenced (Figure 3).
      We found in this paper 16 of 75 subjects from Qidong have
249ser p53 mutation, including ten of 25 HCC cases, four of 20
cirrhotic patients, and two of 30 controls, giving a prevalence
of 40 %, 20 % and 7 %, respectively (P<0.001 for difference
between groups) (Table 2).
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Table 2  Prevalence and adjusted odds ratios for plasma 249 Ser

p53 mutations by subject groups from Qidong

Controlsa           Cirrhotics           Hepatocellular
carcinomas

 (30)       (20)       (25)

No. positive (%) 2 (7)      4 (20)     10 (40)

OR (95% CI)  1.0 5 (0.6, 29.3)       22.1 (3.2,91.7)

aEstimated odds ratios (OR) and 95 % confidence intervals (CI)
were adjusted for age, gender, recruitment site and hepatitis B
surface antigen status, using controls as the referent group.

DISCUSSION
In the People’s Republic of China, HCC accounts for over
250 000 deaths annually with an incidence rate in some areas
of the country approaching 150 cases/100 000/year. Mutations
in the p53 tumor suppressor gene have been identified in a
majority of human cancers[21], especially in HCC[2,22]. The most
striking example of a specific mutation in the p53 gene is a G

T transversion in the third base of codon 249, which has
been detected in 10-70 % of HCCs from area with a high
exposure to AFB1[6,23-25], where this mutation is absent from
HCC in regions with negligible exposure to AFB1[13,26,27].
      Jackson et al. reported that a high percentage of the tumors
from Qidong had G T mutation at the third base of codon
249 of the p53 gene than tumors from Shanghai (46.7 %
compared with 30 %)[10,28]. The mutation frequency corresponds
to exposure to aflatoxins because these areas have high and
intermediate exposure levels, respectively. A recent report by
Kirk et al. reported for the first time the detection of codon
249 p53 mutation in the plasma of liver tumor patients from
Gambia. DNA circulating in the serum or plasma can be
successfully retrieved and used as surrogate material to analyze

for genetic alterations present in the original tumor[10,29].
Although the mechanisms accounting the presence of this
circulating DNA are uncertain, there is some evidence that
the DNA, of up to 21 Kb, are released from the tumor as a
glyconucleoprotein complex, and may protect the DNA from
degradation by nucleases. Although we don’t understand the
relationship between the release of tumor DNA into the plasma
and necrosis of the tumor, apoptosis or other selective cellular
processes, we considered from our experimental data that
plasma or serum may be used as a source of tumor-specific
DNA[30,31].
     We reported the presence of 249Ser p53 mutations in DNA
circulating in the plasma of Qidong population at high risk for
HCC, chronic HBV infection and exposure to the carcinogen
AFB1. We found in this paper 16 of 75 subjects from Qidong
had 249ser p53 mutation, including ten of 25 HCC cases, four
of 20 cirrhotic patients, and two of 30 controls (Table 2). It is
interesting that we found in one HCC case a G C transversion
at the third base of codon 249 instead of G T transversion,
although both of AGC and AGT coded serine. The 249Ser p53
“hotspot” mutation was detected in 40 % of HCC cases, and a
much lower prevalence was observed in cirrhotic patients
(20 %) and in controls (7 %) (P<0.001 for difference between
groups). Additionally, we found in another HCC case A C
transversion at the second base of codon 258. We checked the
exon 7 of p53 gene using NCBI Blast, and found none of the
ESTs could support this point mutation. Is it a SNP or a point
mutation associated with AFB1 exposure? It is to be studied.
Although we didn’t check the 249Ser p53 mutations in the
corresponding tissues, we can draw a conclusion from these
data that p53 mutation frequency of these different groups
provided the strong relationship between cirrhosis and the
future development of HCC[32]. This mutation may be regarded
as an early detection marker or a prognostic molecular marker
in HCC[33,34]. The detection of 249Ser DNA may be useful as a

Figure 3  Sequencing results (partial electropherogram). A:  Wild type sequence shows codon 249 AGG; B: Mutation sequence
shows codon 249 AGG AGT transversion; C: Mutation sequence shows codon 249 AGG AGC transversion; D: A C transver-
sion at the second base of  codon 258.
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maker of neoplastic development, and the presence of the
mutation in healthy subjects may reflect chronic exposure to
high levels of AFB1[35].
      Besides the detection of serum aflatoxin-albumin adducts,
we can also use plasma 249Ser p53 mutation as a marker of
aflatoxin exposure in epidemiological studies. It is expected
in Qidong area that the detection of p53 mutation in plasma
DNA could be developed into a usual method to estimate the
development of HCC, and this mutation could be regarded as
an early diagnostic marker of hepatocellular carcinoma.
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Abstract
AIM: To investigate the in vitro anti-hepatocellular carcinoma
(HCC) activity of docetaxel against SMMC-7721 HCC cells
and its possible mechanism.

METHODS: The HCC cells were given different concentrations
of docetaxel and their growth was measured by colony
forming assay. Cell cycle and apoptosis were analyzed by
flow cytometry and fluorescence microscopy (acridine
orange/ethidium bromide double staining, AO/EB), as well
as electronic microscopy. The SMMC-7721 HCC cell reactive
oxygen species (ROS) and glutathione (GSH) were measured
after given docetaxel.

RESULTS: Docetaxel inhibited the hepatocellular carcinoma
cells growth in a concentration dependent manner with
IC505×10-10 M. Marked cell apoptosis and G2/M phase arrest
were observed after treatment with docetaxel 10-8M.
Docetaxel promoted SMMC-7721 HCC cells ROS generation
and GSH deletion.

CONCLUSION: Docetaxel suppressed the growth of SMMC-
7721 HCC cells in vitro by causing apoptosis and G2/M phase
arrest of the human hepatoma cells, and ROS and GSH may
play a key role in the inhibition of growth and induction of
apoptosis.

Geng CX, Zeng ZC, Wang JY. Docetaxel inhibits SMMC-7721
human hepatocellular carcinoma cells growth and induces
apoptosis. World J Gastroenterol  2003; 9(4): 696-700
http://www.wjgnet.com/1007-9327/9/696.htm

INTRODUCTION
Decetaxel is a new taxoid structurally similar to paclitaxel, a
semisynthetic product of a renewable resource, the needles of
the European yew, Taxus baccata L. In comparison to paclitaxel,
docetaxel is more potent as an inhibitor of microtubule
depolymerization[1]. Docetaxel has shown an active effect against
cancers[2-5]. Current studies have shown that docetaxel
combined with other chemotherapeutic drugs has higher
anticancer efficacy and reduced side effects in patients with
breast, pancreatic, gastric, urothelial carcinomas[6-9]. But there
is limited data about that in hepatocellular carcinoma and thus
needs further investigation. Human hepatocellular carcinoma
(HCC) is one of the major causes of death worldwide[10-12], and

surgical resection is the only curative therapy[13]. However it
has limitations for patients with multiple type or metastatic
tumors. Searching for effective chemotherapeutic agents is
important to improve the survival rate of patients with advanced
or recurrent HCC after surgical treatment. HCC is usually
insensitive to chemotherapeutic drugs currently used in clinical
setting, and there is thus an urgent need for the evaluation of
new active drugs against HCC. HCC is well known for its
expression of multidrug resitance (MDR) gene and its poor
response to chemotherapeutic agents, but it has been found that
docetaxel is effective in treating mice bearing xenografts of MDR
protein positive human tumors[14], also a low efflux of docetaxel
from tumor cells being observed[15]. These results suggest that
docetaxel may be effective in the treatment of HCC. But the
related information is limited and the mechanism of docetaxel
remains to be elucidated. This study is to investigate its growth
inhibition and induction of apoptosis effect and the mechanism
in human SMMC-7721 hepatocellular cell line, and to provide
the theoretical basis for clinical application in patients with HCC.

MATERIALS AND METHODS

Reagents
Docetaxel (Rhone-Poulenc Rorer Pharmaceuticals Inc.) was
stored as 100 µM stock solution in absolute ethanol at -80 .
This solution was further diluted in the medium and used in
the cell culture immediately before each experiment.

Cell cultures
Human hepatocellular carcinoma SMMC-7721 cell line was
obtained from Liver Cancer Institute of Fudan University. The
cells were cultured in flasks with RPMI1640 (Gibco BRL,
Grand Island, NY) medium supplemented with 100 IU/ml
penicillin, 100 µg/ml streptomycin and 10 % new born bovine
serum (Hyclone, Logan, UT) and maintained at 37  in
humidified atmosphere containing 5 % CO2.

Colony forming assay
Exponential growth phase SMMC-7721 cells were seeded in
60 mm culture plate (Corning, NY) at a density of 200 cells/
plate, after 24hr, the media was discarded and replaced with
equal volume of fresh media containing different doses of
docetaxel (0, 10-11, 10-10, 10-9, 10-8, 10-7, 10-6M). 24hr later
docetaxel containing media was again discarded and replaced
by media without containing docetaxel. The cells were cultured
continually for 9 days. The colonies were fixed with 95 %
ethanol and stained with Giemsa, and manually counted.
Colonies 50 cells were considered survivors. All experiments
were conducted in triplicate.

Flow cytometric analysis of DNA content after docetaxel treatment
After exponential growth phase SMMC-7721 cells were treated
with different doses of docetaxel (0, 10-11, 10-10, 10-9, 10-8, 10-7,
10-6M) for 24hr and harvested with 0.25 % trypsin and
resuspended in RPMI1640 media. 1×106 cells was centrifuged
at 300 g for 5 minutes and then washed once with PBS .The
cell pellets were added with 100 % precooled ethanol at 4 



for 4hr, centrifuged at 300 g for 5 minutes and then washed
once, resuspended with PBS (1×106cells/ml). The cells were
added 500 u Rnase, incubated at 37  for 30 minutes, washed
with PBS. 1×106cells were stained with 50 µg/ml PI for 20
minutes in the dark. The DNA content of each cell was measured
using a Becton Dickinson FACSCalibur flow cytometer and
analyzed with ModFit LT software (San Jose, CA).

Morphological study with fluorescence microscope
Exponential growth phase SMMC-7721 cells were treated with
10nM docetaxel for 24hr and 48hr and harvested with 0.25 %
trypsin and resuspended in RPMI1640 medium. 1×106 cells
were washed once and resuspended with PBS. 25 µl of the
cells suspension was mixed with 1 µl of dye mixture containing
AO 100 µg/ml and EB 100 µg/ml in PBS[16]. The cells were
visualized immediately under a fluorescence microscope, the
peak excitation wave length was 490 nm.

Transmission electron microscopic observation
After exponential growth phase SMMC-7721 cells treated with
10nM docetaxel for 24hr and 48hr, they were fixed in Karnovsky
solution, followed by cacodylate buffer for ultrastructural
examination. The cells were postfixed in 1 % osmium tetroxide
and dehydrated for staining with uranyl acetate and lead citrate.
Thin sections were observed under electron microscope.

ROS measurement
After exponential growth phase SMMC-7721 cells were treated
with different doses of docetaxel (0.25 nM, 0.5 nM, 10 nM)
for 24hr, the cells were incubated with 2’, 7’-dichlorofluorescin
diacetate (DCF/DA; 5 µM; Sigma) at 37  for 50 minutes to
estimate the ROS level. The cells were harvested and detected
immediately for fluorescence intensity detection on Becton
Dickinson FACSCalibur flow cytometer and data were
acquired and analyzed using FACS/CELLQuest software (San
Jose, CA) on a Power Macintosh 7600/120 computer (Apple
Computers, Cupertino, CA)[17], three independent experiments
were repeated in each drug treated group and the control group
was not given docetaxel but incubated with DCF/DA. All
experiments were conducted in triplicate.

Determination of intracellular GSH content
The determination of intracellular GSH content was conducted
according to Shen et al[18] with modification. Briefly after
logarithmic growth phase SMMC-7721 cells ( 106) were

treated with different doses of docetaxel (0.25 nM, 0.5 nM,
10 nM) for 24hr, harvested by trypsination, washed,
resuspended in PBS and counted under phase contrast
microscope. The cells suspension was centrifuged at 300 g for
5 minutes, the cell pellets were added 0.75 ml distilled water
and 0.25 ml thiosalicylic acid to precipitate the protein. After
centrifugation at 12 000 g for 5 minutes at 4 , the supernatant
was used for GSH assay. The control group was not given
docetaxel. All experiments were conducted in triplicate.

Statistical analysis
The intracellular GSH content was expressed as mean ±SD.
Their differences between drug treated groups and the control
group were analyzed with Student’s t-test.

RESULTS

Effect of docetaxel on SMMC-7721 cells growth inhibition
The colony forming ability decreased gradually with increasing
dose of docetaxel treatment, when the docetaxel concentration
was increased to 10-8M, the colony forming inhibition rate
attained 100 % with IC50 5×10-10 M (0.5 nM) (Figure 1).

Figure 1  The survival fraction of SMMC-7721 cells treated with
docetaxel for 24hr.

Effect on of docetaxel cell cycle and apoptosis of SMMC-
7721 cells
As demonstrated in Figure 2, docetaxel induced a marked
apoptosis at 10-8M for 24hr, and caused cells G2/M phase arrest
mainly at 10-7M and 10-6M, at 10-6M the G2/M phase cells
accounted for 96.1 %.

Figure 2  Cell cycle changes and apoptosis induction in SMMC-7721 cells treated with docetaxel for 24hr. Cells were treated  with
docetaxel at 0M(A), 10-11 M(B), 10-10 M(C), 10-9 M(D), 10-8 M(E), 10-7 M(F), 10-6M(G). A marked apoptosis was induced at 10-8 M, and
a peaked G2/M phase accumulation was caused at 10-6M. Ap:apoptosis.
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Morphological observation with fluorescence microscope
After the SMMC-7721 cells were given 10-8M docetaxel for
24hr, the early apoptotic cells could be observed: because of
their cells membrane integrity, the cells were stained green
with AO, the nuclei exhibited bright condensed chromatin or
fragmented, some cells blebbed. After the cells being treated
for 48hr, some late apoptotic cells could be observed: Since
their cell membrane lost integrity, they were stained red with
EB, the apoptotic bodies could be seen clearly. On the contrary,
the untreated cells did not show these apoptotic characteristics
(Figure 3).

Figure 3  Morphological study with fluorescence microscope.
After the SMMC-7721 cells were given 10-8M docetaxel for 24hr
(A), the cells were stained green with AO, the nuclei exhibited
bright condensed chromatin or fragmented, some cells blebbed.
After being treated for 48hr (B), cells were stained red with EB,
the apoptotic bodies could be seen clearly. On the contrary, the
untreated cells (C) did not show these apoptotic characteristics.

Transmission electron microscopic observation
After treatment with 10-8M docetaxel for 24hr, the chromatin
of some SMMC-7721 cells was located along the nuclear edges
or formed irregularly shaped crescents at the nuclear edges, or
became condensed or fragmented; Some cells nuclear
membrane became irregular; The vacuole in some cytoplasma
could be observed (Figure 4).

Effect of docetaxel on intracellular ROS
As demonstrated in Figure 5, The SMMC-7721 cells ROS level
(corresponding to the fluorescence intensity) increased after

treatment with 0.25 nM, 0.5 nM, 10 nM docetaxel. In
comparison with the control group, the ROS level increased
by 1.69, 1.78 and 1.80 times respectively.

Figure 4  Transmission electron microscopic observation. Af-
ter treatment with 10-8M docetaxel for 24hr, the chromatin of
some SMMC-7721 cells was located along the nuclear edges or
formed irregularly shaped crescents at the nuclear edges (A,
C),or became condensed or fragmented (A, B); The vacuole
could be observed in some cytoplasm (A, C).

Figure 5  The effect of docetaxel on the formation of ROS in
SMMC-7721 cells. Data are from three independent experiments.

Effect of docetaxel on intracellular GSH
The control group intracellular GSH content was 11.6±1.1 fmol/
cell, after treatment with docetaxel 0.25 nM, 0.5 nM, 10 nM for
24hr, the SMMC-7721 cells GSH decreased to 4.7±0.7 fmol/
cell, 3.0±0.5 fmol/cell, 1.0±0.1 fmol/cell respectively, there was
a significant difference between the drug treated groups and
the control group (P<0.05).

DISCUSSION
In the present study, we used colony forming assay to observe
the effect of docetaxel on the growth of the human
hepatocellular carcinoma SMMC-7721 cells in vitro, indicating
that doctaxel can inhibit the SMMC-7721 cells growth and in
concentration dependent manners, at 10-8M the survival fraction
decreased to 0 (Figure1). A previous study demonstrated that
docetaxel showed cytotoxic effect on other human hepatoma
cell lines[17], together with this report, our result suggests that
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the growth-inhibiting effect of docetaxel may be a general
phenomenon for human hepatocellular carcinoma cells. Also
the flow cytometry showed that docetaxel causes SMMC-7721
cells apoptosis at a low dose (10-8M), which was confirmed by
fluorescence microscope, transmission electron microscope,
and at 10-7M, 10-6M induced a marked G2/M phase arrest
without apparent apoptosis, this phenomenon seems to suggest
that docetaxel can induce apoptosis independent of G2/M phase
arrest in SMMC-7721 cells.
   In order to elucidate the mechanisms of the anti-
hepatocellular carcinoma action of docetaxel, we examined
its possible effect on cell cycle kinetics of SMMC-7721 cells.
As demonstrated in Figure 2, following treatment with
docetaxel for 24hr, the G2/M phase cells increased with
docetaxel doses increasing from 10-8M, at 10-6M the G2/M
phase cells accounted for 96.1 %. This result indicates that
high dose of docetaxel blocks cell cycle at G2/M phase, disturbs
mitosis and inhibits SMMC-7721 cells growth. In this clinical
setting, such information may be useful for liver carcinoma
therapy with docetaxel and other cytotoxic drugs which affect
cell cycle progression.
     According to Figure 1, docetaxel could inhibit SMMC-7721
cells at very low doses, the IC50 is 5×10-10M. This dose of
docetaxel had no significant effect on the cell apoptosis or cell
cycle progression, which was confirmed by flow cytometry.
In order to elucidate the mechanism underlying this
phenomenon, the intracellular ROS and GSH were further
investigated in this study. Our results indicated that docetaxel
both at 1/2IC50, IC50 and apoptosis-inducing dose (10nM)
could cause significantly increased ROS levels (Figure 5) and
significantly decreased GSH, compared with those of the control.
      It has been reported that tumor cells have persistently higher
levels of ROS[19]. The relationship between ROS and apoptosis,
cell growth inhibition has been broadly investigated. ROS
has been found to regulate translocation of NF-κB[20] as well
as translocation of p53 and the p53-mediated apoptosis
pathway[21,22]. Also it has been found that induction of apoptosis
was accompanied with the generation of intracellular ROS
prior to the activation of caspase-3[23] and down-regulation of
Bcl-2[24]. Simizu et al. reported that some anticancer agents,
including vinblastin and camptothecin, induced cells apoptosis
with the generation of ROS[25]. Recently it was reported that
arsenic trioxide and l-S,R-buthionine sulfoximine (BSO)
combination treatment enhanced hepatocellular carcinoma cells
apoptosis through increased production of ROS[26], Also it was
reported ROS played a mediatory role in the synergistic
interaction between 1, 25-dihydroxyvitamin D (3) and
anticancer cytokines[27], modulation of the ROS production intra
and extracellularlly may influence the cell survival during
oxidative insults[28].
      Accordingly, we speculate that docetaxel-induced high level
ROS may be involved in the growth inhibition and apoptosis
of SMMC-7721 cells.
      In order to confirm the SMMC-7721 cells redox status after
docetaxel treatment, the intracellular GSH content was also
investigated. Our result demonstrated that the intracellular GSH
decreased significantly (P<0.05) after both 1/2IC50, IC50 and
apoptosis-inducing dose docetaxel treatment, compared with
that of the control group. This indicates that the decrease of
GSH may be involved in the SMMC-7721 cells growth
inhibition and apoptosis caused by docetaxel. Liu et al. found
Salvia miltiorrhiza inhibited human hepatoma HepG2 cells
growth and induced apoptosis involving in intracellular GSH
deletion[29], early studies have also demonstrated that the onset
of apoptosis was associated with a fall of intracellular GSH in
different cellular systems[30]. And GSH could significantly
reduce apoptosis mediated by a monoclonal antibody directed
to Fas antigen, and apoptosis could be nearly completely

prevented by GSH[31]. GSH is an important cellular thiol which
is regarded as the major determinant of the intracellular redox
potential, on the other hand, apoptosis may be regulated by
the reodx status within the cells[32]. Loss of GSH was shown to
be tightly coupled with a number of down-stream events in
apoptosis, in caspase activation and events in chromatin[33],
and GSH depletion may act as a link between oxidative stress
and ceramide-mediated apoptosis[34]. Also it was found that
decreased cells proliferation associated with decreased levels
of intracellular GSH, and blockade of GSH synthesis enhanced
ROS production and suppressed cells proliferation[35], cells with
compromised cellular GSH were susceptible to redox
imbalance-induced inhibition of proliferation[36].
     In summary, the present study demonstrates that docetaxel
has profound effects on SMMC-7721 hepatocellular carcinoma
cells in vitro. It reduces the proliferation of these cells, causes
changes in their morphology, and induces cell death by
apoptosis. It leads to ROS generation and GSH deletion,
subsequently results in redox imbalance in SMMC-7721 cells,
and it is speculated that the redox imbalance caused by docetaxel
may play an important role in the growth inhibition and induction
of apoptosis of SMMC-7721 cells. As far as we know, there is
few report concerning the redox imbalance and docetaxel. Our
results not only provide the basis for further in vivo and clinical
research in hepatocellular carcinoma, but also contribute to
understanding of the pharmacology of docetaxel further.
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Abstract
AIM: To investigate the anti-cancer effect and the
immunological mechanism of ultrasound-guided intratumoral
injection of Chinese medicine “Star-99” in hepatocellular
carcinoma (HCC) of nude mice.

METHODS: Twenty-eight human hepatocellular carcinoma
SMMC-7721 transplanted nude mice, 14 of hypodermically
implanted and 14 of orthotopic liver transplanted, were
randomly divided into three groups of which 14 mice with
Star-99, and 7 with ethanol and saline respectively. Ten
days after the transplantation the medicines were injected
into the tumors of all the nude mice once every 5 days.
After 4 injections the nude mice were killed. The diameters
of three dimension of the tumors were measured by high
frequency ultrasound before and after the treatment and
the tumor growth indexes* (TGI) were calculated.
Radioimmunoassay was used to detect the serum levels of
interleukin-2 (IL-2) and tumor necrosis factor (TNF)-alpha.
The tumor tissues were sent for flow cytometry (FCM) DNA
analysis. Apoptotic cells were visualized by TUNEL assay.
All the experiments were carried out by double blind method.

RESULTS: The TGI of Star-99 group (0.076±0.024) was
markedly lower than that of the saline group (4.654±1.283)
(P<0.01). It also seemed to be lower than that of the ethanol
group (0.082±0.028), but not significantly different (P>0.05).
Serum levels of IL-2 and TNF-α were markedly higher than
those of ethanol group and saline groups (P<0.05). The mean
apoptotic index (AI: percentage of TUNEL signal positive cells)
in Star-99 group (48.98±5.09 %) was significantly higher than
that of the ethanol group (11.95±2.24 %) and the saline
group (10.48±3.85 %) (P<0.01). FCM DNA analysis showed
that the appearance rate of the apoptosis peak in Srar-99
group was 92.9 %, markedly higher than that of the ethanol
group (14.3 %) and the saline group (0.0 %) (P<0.01).
Correlation (r=0.499, P<0.05) was found   between AI and
serum level of TNF-α.

CONCLUSION: Star-99 has an effect on the elevation of
the serum levels of IL-2 and TNF-α. It indicates that Star-
99 has the function of enhancing the cellular immunity and
inducing cancer cell apoptosis. The correlation between AI
and serum level of TNF-α indicates that the elevation of the
serum of TNF-α induced by Star-99 may be an important
factor in the promotion of the hepatic cancer cell apoptosis.
Star-99 has strong effects on the inhibition and destruction

of cancer cells. Its curative effect is as good as ethanol. Its
major mechanisms can be as follows: (1) it increases the
serum levels of IL-2 and TNF-α and triggers cellular
immunity. (2) It can induce cancer cells apoptosis, the
effective mechanism of the Star-99 is different from that of
the ethanol. The mechanisms of triggering the immunologic
function of the organism and inducing cell apoptosis are, of
particular significance. This study will provide a new pathway
of drug administration and an experimental basis for the
treatment of HCC with Chinese herbal, and the study of
Star-99 in the treatment of tumor is of profound significance
with good prospects.

Lin LW, Lin XD, He YM, Gao SD, Xue ES. Experimental study on
ultrasound-guided intratumoral injection of “Star-99” in
treatment of hepatocellular carcinoma of nude mice. World J
Gastroenterol  2003; 9(4): 701-705
http://www.wjgnet.com/1007-9327/9/701.htm

INTRODUCTION
The ultrasound-guided percutaneous intratumoral injection
with ethanol, in treatment of hepatocellular carcinoma (HCC),
has been widely used in the clinic in recent years since the
report by the Japanese scholars (1983)[1-3]. Yet there are certain
limitations in this treatment that lead us to search for newer
drug that we have been studied for many years. In 1999, we
discovered that the compound Chinese medicine “Star-99” had
anti-cancer effect. In order to probe the effective mechanism
of the ultrasound-guided intratumoral injection of HCC with
Star-99, we detected the serum levels of interleukin-2 (IL-2)
and tumor necrosis factor (TNF)-alpha, and conducted FCM
DNA analysis and TUNEL assay to observe the phenomenon
of apoptosis and to appraise the biological effect of Star-99.

MATERIALS AND METHODS
Experimental animal
For the experiment, we used 28 BALB/CA nude mice, which
were 5-8 weeks old, provided by the Medical Experimental
Animal Unit of Anti-cancer Center of Xia Men University,
China. The average weight of the nude mice was 18±2.1 grams.
The mice were raised in the layer drift shelves under aseptic
condition. The cages, cushion, drinking water and standard
forage were provided by Shanghai Bikai Company periodically.

Animal model production of human HCC
Human HCC SMMC-7721 cellular cultural suspension was
centrifuged and the supernatant was removed. Then the cellular
cultural liquid was added to make up 5×107 cells per milliliter.
Subcutaneous injection was taken in the back of a nude mouse
with 0.2 ml liquid. When the tumor grew to 1 cm in diameter,
part of it was taken out under the aseptic condition and cut
into small pieces in the size of 0.2×0.2×0.2 cm, which were
transplanted subcutaneously at the back of other nude mice
with a canula needle and underwent passages from generation
to generation. The nude mice, under general anesthesia with
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sodium pentothal injected intraperitoneally. The process was
as follows: The abdomen of the mouse was incised 1 cm in
length deep to peritoneum on the linea alba below the xiphoid
process. The liver was squeezed out, a piece of tumor was
embedded into the liver with canula needle, the needle aperture
was blocked with gelatin sponge to stop bleeding, then the
liver was sent back into the abdomen, the peritoneum and skin
were sutured and the process of orthotopic liver transplantation
was completed.

Experimental method
Twenty-eight human HCC transplanted nude mice, including
14 implanted hypodermically and the other 14 with liver
transplanted orthotopically, were randomly divided into three
groups: the Star-99 group containing 14 nude mice, the ethanol
group and the saline group containing 7 nude mice each. The
three dimensional diameters of the tumor were measured by
high frequency ultrasound (Aloka 5500 with 10MHz probe)
after 10 days transplantation of HCC. Then 0.1 ml Star-99,
ethanol and saline were respectively injected into the center of
the tumor with No.5 needle. The nude mice were killed after
being injected every 5 days for a total of 4 injections in each
mouse. The three dimensional diameters of the tumor were
measured again before the mice were killed. Mice blood was
obtained from the eye socket, and the sera were separated by
low velocity centrifugation. The Radioimmunoassay (RIA) kit
was purchased from Beijing East Asian Institute of
Immunology. Sn-682 Radioimmunoassay γ counting apparatus
was used to detect the serum levels of IL-2 and TNF-α. The
apoptotic cells were visualized by terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP nick end labelling (TUNEL).
The TUNEL kit (POD) was purchased from Roche Molecular
Biochemicals. The assay performance followed the technical
manual and the references[4-7]. It was TUNEL positive when
the nucleolus appeared evidently brown granule. Ten high
power fields were observed in each slide and at least 1 000
positive cells were calculated at random. The cellular
suspension made by fresh tumor tissues was analyzed by FCM
DNA. The appearance rates of the heteroploidy peak and
apoptosis peak were analyzed. Double blind method was
applied in this experiment.

Observation indexes
The tumor growth index (TGI) was calculated by the formula:
volume of tumor (after treatment-before treatment) / volume
of tumor (before treatment). The serum levels of IL-2 and TNF-
α were determined. The apoptotic index (AI: percentage of
TUNEL signal positive cells) were calculated as the TUNEL-
positive cells / the total number of cancer cells×100 %. The
appearance rates of the heteroploidy peak and apoptosis peak
of the tumor tissue were analyzed by FCM DNA. The
correlation coefficient between AI and serum levels of TNF-α
was calculated.

Statistics method
The results were expressed as the mean ±SD. The data were
analyzed by one-way ANOVA with Student’s t test, chi-
square test and liner regression analysis. Value of P<0.05
was considered significant.

RESULTS

The tumor growth index
Table 1 showed that the growth index of Star-99 group was
markedly lower than that of the saline group (P<0.01). It was
also lower than that of the ethanol group, but there was no
significant difference between them (P>0.05).

Table 1  Comparison of the growth index of Star-99, ethanol
and saline groups

Groups     n         x    SD          P

Star-99 (A)    14     0.076 ±0.024 A, B>0.05
Ethanol (B)      7     0.082 ±0.028 B, C<0.01
Saline (C)      7     4.654 ±1.283 A, C<0.01

The serum levels of IL-2 and TNF-α after treatment
Table 2 showed that the serum levels of IL-2 and TNF-α in
the Star-99 group were 6.63±1.39 ng/ml and 3.98±1.05 ng/
ml, markedly higher than those of the ethanol and the saline
groups (P<0.05).

Table 2  Comparison of the serum levels of IL-2 and TNF-α
after treatment in the three groups

Groups  n IL-2  (ng/ml)      TNF-α  (ng/ml)          P

Star-99 (A) 14    6.63±1.39      3.98 ±1.05     A:B <0.05
Ethanol (B)   7    4.22±1.23      2.95 ±1.01     A:C <0.05
Saline (C)   7    4.51±0.84      2.84± 1.05     B:C >0.05

The apoptotic index of Star-99, ethanol and saline groups
after treatment
Table 3 showed that the AI in Star-99 group (48.98±5.09 %)
was significantly higher than that of the ethanol group
(11.95 ±2.24 %) and the saline group (10.48±3.85 %) (P<0.01),
(Figure 1).

Table 3  Comparison of the apoptotic index of Star-99, ethanol
and saline groups after treatment

Groups     n           AI (%)        P

Star-99 (A)   14       48.98±5.09 A:B<0.01
Ethanol (B)     7       11.95±2.24 B:C>0.05
Saline (C)     7       10.48±3.85 A:C<0.01

Figure 1  TUNEL marker (Nucleolus with brown granule in-
dicated positive). A: Star-99 group; B: saline group; ×400.
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FCM DNA analysis
Table 4 showed the results of FCM DNA analysis of the tumor
tissues of the three groups. The appearance rate of the
heteroploidy peak after the treatment was 57.1 % in the saline
group (Figure 2), markedly higher than that of the ethanol group
(0.0 %) and the Star-99 group (7.1 %) (P<0.01). Another
remarkable characteristic was that 92.9 % of the Star-99 group
appeared apoptosis peaks formed by the cells in the sub G1

period (Figure 3), markedly higher than that of the ethanol
group and the saline group, which were 14.3 % (1/7) and 0.0
(0/7), respectively (P<0.01).

Table 4  Comparison of the appearance rates of the hereroploidy
and apoptosis peak after treatment in the three groups

Groups  n     Hereroploidy        P           Apoptosis           P
           peak (%)               peak (%)

Star-99 (A) 14      7.1 (1/14)      A:B>0.05      92.9 (13/14)   A:B<0.01

Ethanol (B)   7      0. 0 (0/7)      B:C<0.05      14.3 (1/7)      B:C>0.05

Saline (C)   7      57.1 (4/7)    A:C<0.05      0.0 (0/7)       A:C<0.01

Figure 2  FCM DNA analysis showed the hereroploidy peak
in the saline group. (Yellow peak).

Figure 3  FCM DNA analysis showed the apoptosis peak in
the Star-99 group. (Blue peak).

The relationship between HCC apoptosis and serum levels
of TNF-α
There was close relationship between HCC apoptosis and serum
level of TNF-α. Significant correlation (r=0.499, P<0.05) was
found between AI and serum levels of TNF-α.

DISCUSSION
At present, many kinds of ultrasound-guided interventional
therapy have been practiced by clinicians such as laser[8,9],
microwave[10-13], radio frequency[14-19] and high energy focus

ultrasound[20,21] since 1990s. The efficacy are as good as that
of surgical resection[2, 22-24]. Early In 1985, the American
National Cancer Institute considered biotherapy as the fourth
modality in cancer treatment as it attacked the tumor cells
directly; furthermore, it stimulates the immune system of the
host. The present study provided a new avenue to combat the
tumor from immunologic point of view. As shown in this
experiment, the Star-99 has marked effect on the growth
restraint of the tumor, the effectiveness is more or less
equivalent to that of the ethanol.
     The two important cytokines IL-2 and TNF-α can be used
as biological response modifiers (BRM). IL-2 can enhance the
activity of lymphocyte and the killing effect of CTL, NK and
LAK cells, induce secretion of cytokine. The serum level of
IL-2 reflects the host immunologic function to a certain
degree[25]. In this experiment, the serum level of IL-2 in the
Star-99 group was 6.63±1.39 ng/ml, markedly higher than those
of ethanol and saline groups (P<0.05). In another experiment of
this study, the electron microscopy showed many lymphocytes
in the tumor tissues of the Star-99 group[26]. Figure 4 showed the
microvilli on the surface of the lymphocytes attacked the cancer
cells. The membrane of tumor cell in contact with the sensitized
T lymphocyte became broken with the organelle and the nucleus
dissolved and the vacuolation of the cytoplasm as well. This
phenomenon further illustrate that the Star-99 could stimulate
or induce the cellular immunity function of the organism. TNF-
α is mainly produced by macrophage and activated T lymphocyte
which can inhibit or destroy the cancer cells. It can also induce
apoptosis by combining with TNF receptor and resulting in chain
reactions[27,28]. In the Star-99 group, the serum level of TNF-α
was 3.98±1.05 ng/ml, markedly higher than those of ethanol
and saline groups. Significant correlation (r=0.499, P<0.05)
was found between AI and serum levels of TNF-α. It indicated
that the elevation of the serum TNF-α induced by Star-99 might
be an important factor in the promotion of the HCC cells
apoptosis.

Figure 4  Many lymphocytes could be seen in the tumor tissues
and the microvilli on the surface of the lymphocytes attacking
the cancer cells in the Star-99 group (The right figure is a mag-
nified image.).
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     Cancer growth not only depends on proliferation[29-35] but
also on the reduced apoptosis[36-39]. At present time, cancer therapy
is now focusing on promoting apoptosis[40,41]. The apoptotic cells
could be identified by TUNEL assay[5, 42]. In this experiment, the
apoptotic index in Star-99 group (48.98±5.09 %) was significantly
higher than that in the ethanol group (11.95±2.24 %) and the
saline group (10.48±3.85 %) (P<0.01), which was consistent
with the result of FCM DNA analysis, the appearance rate of
the apoptosis peak in Srar-99 group was 92.9 %, markedly
higher than that of the ethanol group (14.3 %) and the saline
group (0.0 %) (P<0.01). These results showed that although
the cancer cells in ethanol group were destroyed which was
different from that by means of apoptosis. In the Star-99 group
it was mainly by induction of apoptosis.
    The results of this study illustrated that the compound
Chinese medicine Star-99 has the strong effect on the growth
restraint of the tumor. Apart from its direct destruction of cancer
cells, the mechanism of the efficacy may be due to: (1) It can
increase the serum levels of IL-2 and TNF-α and trigger the
cellular immunity. (2) It can induce apoptosis of the cancer
cells. The anti-cancer effect of Star-99 is more or less equivalent
to the ethanol, but by different mechanisms. Based on the above
findings, Star-99 may have great significance and good
prospects in the future treatment of HCC.
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Abstract
AIM: To evaluate the value of right trisectionectomy,
previously named right trisegmentectomy, in the treatment
of primary liver cancer by summarizing our 13-year
experience for this procedure.

METHODS: Thirty three primary liver cancer patients
undergoing right trisectionectomy from Apr. 1987 to Dec.
1999 were investigated retrospectively. The impacts in
survival of patients by cancerous biological behavior, such
as tumor thrombi and satellite nodules, were discussed
respectively. All right trisectionectomies were performed
under normothermic interruption of porta hepatis at single
time. Ultrasonic dissector (CUSA system 200) was used in
dissection of hepatic parenchyma from Nov. 1992, instead
of finger fracture.

RESULTS: 1-, 3- and 5-year survival rates were 71.9 %,
40.6 % and 34.4 %, respectively. The longest survival term
with free cancer was 150 months (alive). There were no
significant differences in survival curves between cases with
and without tumor thrombi (right branch of portal vein) and
satellite nodules. Operative mortality was 3.0 % (1/33). Main
surgical complications occurred in 5 cases.

CONCLUSION: Right trisectionectomy should be regarded
as an effective and safe procedure for huge primary liver
cancers and is worth using more widely.

Rui JA, Wang SB, Chen SG, Zhou L. Right trisectionectomy for
primary liver cancer. World J Gastroenterol  2003; 9(4): 706-709
http://www.wjgnet.com/1007-9327/9/706.htm

INTRODUCTION
It has been documented that primary liver cancer has been the
more common cancer killer worldwide, especially in the areas
with high incidence, such as China[1]. Several methods has been
developed for the therapy of the malignancy[2-11]. The outcomes
have taken marked progress, but recurrence and metastasis rates
remain high[12,13]. Up to now, the difficult point is still existing
in treatment of large liver cancers, due to worse results and higher
risk[14,15]. Since the middle of last century[16], right trisectionectomy
(previous trisegmentectomy) has been used for huge hepatic
neoplasms covering right and left medial section. In 1975,
Starzl described and clearly defined in detail a safe technique
of right trisectionectomy[17]. Then he reported on 30 cases of
the operation in 1980, including malignant and benign hepatic
lesion[18]. In the past two decades, some papers described the

procedure in treatment of hepatic malignant neoplasm, such
as liver infiltration of gallbladder cancer and metastatic and
primary liver cancer[19-23]. Most reports demonstrated that right
trisectionectomy was effective in extensive hepatic malignancy,
based on some individuals with long-term survival[19, 20]. But
the risk (morbidity and mortality) of liver resection remains
high according to some authors[20, 22, 23], especially for primary
liver cancer with cirrhosis. It is related to the fact that most
primary liver cancer patients have a history of hepatitis and
suffer a higher incidence of hepatic failure after major resection.
Another reason perhaps, is occurrence of bleeding during the
operation. Currently, we lack data about comprehensive
evaluation of right trisectionectomy in treatment of primary
liver cancer. In this study, we investigate 33 cases of right
trisectionectomies retrospectively to explore the value of the
procedure to deal with primary liver cancer patients.

MATERIALS AND METHODS
Patients
From April 1987 to December 1999, total of 459 primary liver
cancer patients were hepatomized. Of them, 33 cases of right
trisectionectomies were performed. There were 24 (72.7 %)
males and 9 (27.3 %) females. Ages ranged from 15 to 69
years (mean ±SD, 45.9±16.7 years). Hepatitis B surface antigen
(HBsAg): 28 (84.8 %) were positive and 5 (15.2 %) were
negative. There were 8 (24.2 %) with slight cirrhosis and 25
(75.8 %) without. Child-Pugh’s classification: 22 (66.7 %) were
A grade and 11 (33.3 %) were B grade when the patients were
hospitalized, but they were all A grade before surgical procedures
through positive hepatic protective therapy. α-fetoprotein (AFP):
27 (81.8 %) were elevated and 6 (18.2 %) were normal. And the
highest value of AFP was 20 000 ng/ml. Sizes of tumor ranged
from 8 to 20 cm (mean ±SD, 13.9± 3.4 cm). Staging (TNM[24])
of Cancer: All tumors were stage IVA (T4N0M0). Pathology: 27
(81.8 %) were hepatocellular carcinoma, 2 (6.1 %) were
cholangiocarcinoma and 4 (12.1 %) were mixed hepatocellular-
cholangiocarcinoma. There were 17 cases (51.5 %) with tumor
thrombi in the right branch of the portal vein. 19 macroscopic
satellite nodules were found in 15 cases (45.5 %), and they didn’t
presented in left lateral section of the liver.

Evaluation for feasibility of surgery
The feasibility of right trisectionectomy for each patient was
considered carefully according to the following standards: (1)
Tumors (including satellite nodules no more than 2) were
limited in right and left medial section of the liver. There
weren’t any evidence about cancer invasion in left lateral
section. (2) Tumor masses had clear borders or psuedocapsule,
and without tumor thrombus in trunk of portal vein and hepatic
vein. (3) No evidence for distant metastasis. (4) Compensative
enlargement of left lateral section. (5) Child-Pugh’s
classification of liver function was A and indocyanine green
retention rate at 15 minutes (ICGR15)[25] was lower than 15 %
before surgery. (6) Serum bilirubin smaller than 34 mmol·L-1,
serum albumin higher than 30 g·L-1 and serum prothrombin
time larger than 60 % before surgery.
     The situations of tumor were detected chiefly by image
examinations, including B-type ultrasonography, computed
tomography (CT), magnetic resonance imaging (MRI) and



angiography. To assess liver function reserve of these patients
before operation, we adopted classical Child-Pugh’s
classification, ICGR test and some concrete parameters, as
described in standards. 146 cases of huge primary liver cancer
were eliminated from the indication according to above
standards. Of them, 69 cases were due to advanced tumor and
the rest 77 due to bad liver function reserve.

Surgical procedures
All of the right trisectionectomies were on standard style, i.e.
the resection edges were along the falciform ligaments of the
liver and removed blocks were Couinaud segments 4 to 8. From
November 1992, the ultrasonic dissector (CUSA system 200)
was adopted for dissecting hepatic parenchyma, instead of
previous finger fracture technique, introduced by Lin et al[26].
The procedures were all performed under normothermic
interruption of porta hepatis at single time. Interruption
lasted 15 to 40 minutes (mean ±SD, 25.3±6.8 minutes). The
total surgical time ranged from 165 to 312 minutes (mean
±SD, 236±63 minutes). The amount of bleeding ranged from
300 to 3 000 ml (mean ±SD, 1 240±560 ml). The quantities
of transfused blood ranged from 0 to 2 200 ml (mean ±SD,
1 020±550 ml). There were 2 cases that did not require blood
transfusion during right trisectionectomy. For dissection of the
liver parenchyma, we used finger fracture in 9 cases (27.3 %)
before November 1992 and ultrasonic dissector (CUSA System
200) in 24 cases (72.7 %) after the time. Net weight of specimens
ranged from 1 500 to 3 100 g (mean ±SD, 2 330±520 g).

Adjuvant therapy and follow-up
All patients were covered in our strict follow-up after the
procedure. AFP, B-type ultrosonography, computed
tomography (CT) magnetic resonance imaging (MRI) and
angiography were used as monitors of recurrence and
metastasis. Moreover, follow-ups by mail, E-mail and
telephone were taken for patients without reexaminations every
year. Follow-up terms were 3 to 150 months. The latest follow-
up was in November 2000 and survival terms of patients alive
were calculated to October 2000. When the recurrences were

found, they were treated by transcatheter arterial
chemoembolization (TACE), percutaneous ethanol injection
(PEI) etc. 11 patients underwent TACE, 5 patients underwent
PEI and 7 patients underwent both.

Statistical analysis
Survival curves were analyzed by Kaplan-Meier and Log rank
test. The χ2 and Student t test were used to determine
comparability of groups. Statistically significant P value was
defined as <0.05.

RESULTS
Survival rates, recurrence and metastasis after right
trisectionectomy
The postoperative survival rates at 1-, 2-, 3-, 4- and 5-years
were 71.9 %, 50 %, 40.6 %, 37.5 % and 34.4 %, respectively
(Kaplan-Meier method). Ten cases have survived from 13 to
150 months according to the November 2000 follow-up. Survival
curve of all patients is shown in Figure 1. The longest tumor-
free survival  term was 150 months (al ive) .  The
clinicopathological features in cases with and without satellite
nodules and tumor thrombi in the right branch of the portal vein
are shown in Table 1, and their survival curves were presented
in Figure 2 and 3, there were no significant differences (P>0.05,
Log rank test). During follow-up term, recurrence and metastasis
of cancer was found in 27 patients (81.8 %).

Operative mortality after right trisectionectomy
There was one patient who died of hepatic failure within
one month after the operation. The operative mortality was
3.0 % (1/33).

Surgical complications after right trisectionectomy
There were 5 cases (15.2%) that developed main surgical
complications after right trisectionectomies, including 2 cases
of hepatic failure, 2 cases of bile leakage and 1 case of
secondary bleeding. Four patients recovered by positive
reoperation excluding 1 case of hepatic failure.

Table 1  Clinicopathological features of patients

Variables         TT present (17)          TT absent (16)     P         SN present (15)          SN absent (18)                 P

Age 43.4(18.2) 47.6(16.5) >0.05b 46.8(17.6) 45.1(15.7) >0.05b

Sex >0.05a >0.05a

Male 14(82.4) 10(62.5) 13(86.7) 11(61.1)

Female   3(17.6)   6(37.5)   2(13.3)   7(38.9)

LC >0.05a >0.05a

Present   4(23.5)   4(25.0)   5(33.3)   3(16.7)

Absent 13(76.5) 12(75.0) 10(66.7) 15(83.3)

AFP >0.05a >0.05a

Elevated 15(88.2) 12(75.0) 13(86.7) 14(77.8)

Normal   2(11.8)   4(25.0)   2(13.3)   4(22.2)

TS (cm) 12.5(2.6) 16.7(5.8) >0.05b 14.4(3.8) 13.2(3.1) >0.05b

BL (ml) 1290(640) 1210(450) >0.05b 1300(680) 1220(390) >0.05b

BT (ml) 1100(720) 980(370) >0.05b 1050(510) 990(570) >0.05b

WS (g) 2280(490) 2350(530) >0.05b 2380(570) 2300(460) >0.05b

Pathology >0.05a >0.05a

HCC 13(76.5) 14(87.6) 12(80.0) 15(83.3)

CC   1(5.9)   1(6.2)   1(6.7)   1(5.6)

MHCC 3(17.6)   1(6.2)   2(13.3)   2(11.1)

Values in parentheses are percentages or standard errors. TT, tumor thrombus; SN, satellite nodule; LC, liver cirrhosis; AFP, α-
fetoprotein; TS, tumor size; BL, blood loss; BT, blood transfusion; WS, weight of specimen; HCC, hepatocellular carcinoma; CC,
cholangiocarcinoma; MHCC, mixed hepatocellular-cholangiocarcinoma. a: χ2 test, b: Student t test.
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Figure 1  Survival curve of 32 patients underwent right
trisectionectomy except 1 hospital death.

Figure 2  Survival curves of patients.      , with satellite nodules
(SN);      , without satellite nodules. P>0.05, Log rank test.

Figure 3  Survival curves of patients.      , with tumor thrombus
(TT);      , without tumor thrombus. P>0.05, Log rank test.

DISCUSSION
In the therapy of primary liver malignancy, curative hepatic
resection has been regarded as a primary method for radical
treatment. But for hepatoma mainly in the right lobe and which
invades the medial section of the left lobe, resection has always
been difficult. Despite the fact that there has been research
about right trisectionectomy, previous trisegmentectomy,
mortality and morbidity remains high. There are few studies
with large sample groups of primary liver cancer patients treated
with right trisectionectomy. Starzl[18] reported on 19 cases of
primary hepatic malignant tumors (14 primary liver cancers
and 5 other types of tumors) treated by the procedure, The 1-
year survival rate was more than 50 %. Holbrook et al[27]

reported on 13-years of experience in resection of malignant
primary liver tumors, including 9 right trisectionectomies.
Overall 1-, 2-, 3-, and 5-year survival rates were 57 %, 52 %,
40 % and 33 %, respectively. Mortality was 7 % and

complication incidence was 26 %. Kumada et al[28] reported
on 11 cases of tri- and bi-sectionectomy for HCC, mean
survival time was 16 months, mortality was 15.4 %. We had
reported 4 right trisectionectomies to treat extensive primary
liver cancers in 1991[29]. Three cases survived more than 1 year.
From April 1987 to December 1999, we performed 33 right
trisectionectomies for primary liver cancer patients, 1-, 2-, 3-,
4- and 5-year survival rates were 71.9 %, 50 %, 40.6 %, 37.5 %
and 34.4 %, respectively. The longest term of survival with
free cancer was 150 months. Mortality was 3.0 % and the
surgical complication rate was 15.2 %. These results are related
to new advances in liver surgery. To control severe
intraoperative bleeding, we used normothermic interruption
of the porta hepatis at single time. Previously, we reported on
20 cases of hemihepatectomy using this interruption method.
Manipulation appeared simple and convenient. Mortality was
0 %[30]. These data suggested that normothermic interruption
of the porta hepatis at single time should be regarded as an
effective and safe method to limit bleeding in liver surgery.
There were two patients in  th is  study that  were
trisectionectomized without blood transfusion. Besides, the use
of ultrasonic dissector in later period made the operative fields
more clear. Thus, manipulations became more convenient and
accurate. Meanwhile, the low incidence of complications and
mortality were related to the accurate estimation of liver
functional reserve prior to operation. We adopted the Child-
Pugh’s classification, some detailed parameters and ICGR test.
Child-Pugh’s classification was a classical method for estimating
liver function. It could become more accurate if helped by other
concrete markers, such as serum bilirubin, prothrombin time
and albumin. Besides, ICGR test, a proven sensitive indicator
of liver function reserve[25], also provided important information.
Our experience is that the combination of these parameters could
accurately predict liver function reserve.
     In the present study, we analyzed the influence of some
pathological features on outcome of right trisectionectomy for
huge primary liver cancers. The clinicopathological features
showed in Table 1 suggested the comparability between
patients with and without tumor thrombi or satellite nodules
(all P>0.05). And no significant differences could be found in
their survival curves (P>0.05), in spite of some differences in
these curves. These findings suggest that surgeons should use
curative resection in therapy of huge tumors, even in those
with a few satellite nodules and tumor thrombi, if the tumor
thrombi are only in the right branch of the portal vein, a
satisfactory effect could be expected.
     In conclusion, right trisectionectomy is an effective and
safe procedure and should become one of strategies, and surgical
arts in the treatment of huge tumor of primary liver cancers.
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Abstract
AIM: To investigate the role of glycylproline dipeptidyl
aminopeptidase (GPDA) isoenzyme in the diagnosis of
primary hepatocellular carcinoma (PHC), especially in patients
with negative alpha-fetoprotein (AFP).

METHODS: A stage gradient polyacrylamide gel
discontinuous electrophoresis system was developed to
separate serum GPDA isoenzymes, which were determined
in 102 patients with PHC, 45 cases with liver cirrhosis, 24
cases with chronic hepatitis, 35 cases with benign liver space-
occupying lesions, 20 cases with metastatic liver cancer and
50 cases with extra-hepatic cancer, as well as 80 healthy
subjects. The relationships between GPDA isoenzymes and
AFP, the sizes of tumors, as well as alanine aminotransferase
(ALT) were also analyzed.

RESULTS: Serum GPDA was separated into two isoenzymes,
GPDA-S and GPDA-F. The former was positive in all subjects,
while the latter was found mainly in majority of PHC (85.3 %)
and a few cases with liver cirrhosis (11.1 %), chronic hepatitis
(33.3 %), metastatic liver cancer (15.0 %) and non-hepatic
cancer (16.0 %). GPDA-F was negative in all healthy subjects
and patients with benign liver space-occupying lesions,
including abscess, cysts and angioma. There was no
correlation between GPDA-F and AFP concentration or tumor
size. GPDA-F was consistently positive and not correlated
with ALT in PHC, but GPDA-F often converted to negative as
decline of ALT in benign liver diseases. The electrophoretic
migration of GPDA-F became sluggish after the treatment
of neuraminidase.

CONCLUSION: GPDA-F is a new useful serum marker for
PHC. Measurement of serum GPDA-F is helpful in diagnosis
of PHC, especially in patients with negative AFP. GPDA-F is
one kind of glycoproteins rich in sialic acid.

Ni RZ, Huang JF, Xiao MB, Li M, Meng XY. Glycylproline dipeptidyl
aminopeptidase isoenzyme in diagnosis of primary hepatocellular
carcinoma. World J Gastroenterol  2003; 9(4): 710-713
http://www.wjgnet.com/1007-9327/9/710.htm

INTRODUCTION
Glycylproline dipeptidyl aminopeptidase (GPDA) was
discovered by Hapsu-Hava and Glenner in 1966 [1]. It is widely
distributed in human and animal tissues and catalyzes the

hydrolysis of N-terminal glycylproline from glycylprolyl-β-
naphthylamide and glycylproline-β-nitroanilide. It was reported
that serum GPDA activity increased in the patients with
hepatobiliary diseases and in experimental hepatic cancer[2, 3].
Further studies demonstrated that GPDA activity was
significantly higher in human hepatic cancer and embryonal
tissues than in healthy adult liver tissues[4]. However, serum
GPDA cannot be used as a marker for PHC due to its low
sensitivity and specificity in diagnosis.
      In order to improve the diagnostic value of GPDA for PHC,
a stage gradient polyacrylamide gel discontinuous
electrophoresis system was established to separate serum
GPDA into two isoenzymes, and clinical significances of serum
GPDA isoenzymes in diagnosis of PHC were studied.

MATERIALS AND METHODS

Patients and healthy subjects
The resources of all patients in this study were from Affiliated
Hospital of Nantong Medical College. The diagnosis of PHC
met the diagnostic criterion of Liver Cancer Branch Committee
of Chinese Anti-cancer Association. The diagnosis in 35
patients was confirmed pathologically. The origins of 20
metastatic liver cancers were gastrointestinal tract cancer (16
cases), lung cancer (2 cases) and breast cancer (2 cases). The
origins in 50 cases with extra-hepatic cancer were
gastrointestinal tract (22 cases), pancreas (5 cases), bile duct
(6 cases ), ovary (8 cases), bladder (4 cases), lung (4 cases)
and kidney (1 case). Thirty-five benign liver space-occupying
lesions were composed of 8 liver abscess, 2 liver cysts and
25 liver angioma. The diagnoses of 45 cases with hepatic
cirrhosis and 24 chronic hepatitis were based on clinical
manifestations and liver biopsy. The control samples came
from healthy blood donor.

Detection of GPDA isoenzymes
Separation of GPDA isoenzymes was performed on stage
gradient polyacrylamide gel with a vertical slab electrophoresis
apparatus. The gel consists of one layer of stack gel and two
layers of separating gels. The following solutions were used
for the preparation of gels: (1) Solution A: 30 % acrylamide
containing 0.8 % bisacrylamide; (2) Solution B: 4.95 % Tris
base containing 0.05 %TEMED, pH6.9; (3) Solution C: 0.14 %
ammonium persulfate. A gel of dimensions of 12.0 cm×10.0
cm×0.15 cm was prepared and loaded with 20 µl of serum.
The gel run at a constant voltage of 60 V for the first three
hours and then at the voltage of 100 V for another 16 hours.
After the electrophoresis, the gel was incubated at 37  for
30 min with a piece of acetate cellulose membrane of the gel
size pre-soaked with a substrate solution, which consists of 15
mg of glycylproline-β-nitroanilide, 4.8 ml of 100 mmol·L-1

Tris-glycylglycine (pH 8.4), 0.1 ml of 100 ml·L-1 sodium nitrite
and 0.1 ml of 50 g·L-1 N-(naphthyl)-ethylenediamine
dihydrochloride. Finally red GPDA isoenzyme bands were
visualized soon by immersing the acetate cellulose membrane
into a solution composed of 100 ml·L-1 trichloracetic acid and
250 ml·L-1 glycerol.



Measurement of AFP and ALT
ALT was measured with the method recommended by
International Federation of Clinical Chemistry[5] and AFP was
determined with routine radioimmunoassay.

Treatment of serum with neuraminidase
Serum was incubated with 10 u/ml neuraminidase at 37  for
15 hr before electrophoresis.

Statistical analysis
Chi-square test and student t tests were used. P<0.05 was
considered as statistically significant.

RESULTS
Serum GPDA isoenzyme in patients with PHC and other diseases
Serum GPDA was separated into two isoenzyme bands with
the electrophoresis system (Figure 1). The band in the anode
was called as GPDA-F (fast band) and the band in cathode as
GPDA-S (slow band). GPDA-S was positive in all subjects,
including healthy persons and patients, while positive rates of
GPDA-F varied in different diseases. GPDA-F was found in
most patients with PHC and a few patients with benign liver
diseases and extra-hepatic cancer, but no GPDA-F was found
in all healthy persons and the patients with benign liver space-
occupying lesions (Table 1). In patients with PHC, positive
GPDA-F was considered as true positive and negative GPDA-
F as false negative, while in patients with other diseases positive
GPDA-F was considered as false positive and negative GPDA-
F as true negative. Therefore, the sensitivity, specificity and
accuracy of GPDA-F in diagnosis of PHC were 85.3 %, 86.2 %
and 85.9 % respectively (Table 1).

Figure 1  Serum GPDA isoenzymes separated with polyacryla-
mide electrophoresis. (Lane 1: healthy subject; lane 2: liver angioma;
lane 3: chronic hepatitis; lane 4:liver cirrhosis; lane 5: PHC).

Table 1  Results of serum GPDA-F in patients and healthy subjects

GPDA-F (+)   GPDA-F (-)

  n  %    n     %

Healthy subjects   0   0   80 100.0
PHC 87 a 85.3   15   14.7
Liver cirrhosis   5 11.1   40   88.9
Chronic hepatitis   8 33.3   16   66.7
Benign liver space-   0   0   35 100.0
occupying lesions
Metastatic hepatic cancer   3 15.0   17   85.0
Extra-hepatic cancer   8 16.0   42   84.0

aP<0.05 vs other groups.  True positive (TP)=87; False positive
(FP)=24(5+8+0+3+8); False negative (FN)=15; True negative
(TN)=150(40+16+35+17+42); Sensitivity=TP/(TP+FN)×100 %;
Specificity=TN/(TN+FP)×100 %; Diagnostic accuracy=(TP+
TN)/(TP+TN+FP+FN)×100 %.

The complementary value of GPDA-F and AFP for PHC
There was no correlation between positive rates of GPDA-F and
AFP concentration (Table 2). GPDA-F was positive in 75.0 %
PHC cases with negative AFP (<50 ng/ml). If positive GPDA-F
and AFP≥50 ng/ml were set as diagnostic criterion of PHC, the

sensitivity of AFP was 72.5 % and that of AFP with GPDA-F
would reach up to 91.2 %. The diagnostic accuracy was also
increased with the combination of AFP and GPDA-F (Table 3).

Table 2  Relationship between AFP and GPDA-F in sera of
cases with PHC

AFP(ng/ml)  n GPDA-F(+)

      <50 28   21(75.0%)
     -400 12   11(91.6%)
    >400 62   55(88.7%)

Table 3  Diagnostic value of both AFP and GPDA-F in PHC

       Sensitivity (%)    Specificity (%)     Accuracy (%)

AFP alone  72.5    95.2    85.0
GPDA-F alone  85.3    87.1    86.3
AFP and GPDA-F  91.2    84.7    88.5

The relationship between GPDA-F and tumor size
One hundred and two cases with PHC were divided into two
groups based on size of tumor, 23 cases were small liver cancer
with tumor diameter ≤5 cm and 79 cases were advanced liver
cancer with tumor diameter >5 cm. Positive rate of GPDA-F
was 78.3 % (18/23) in small liver cancer, and 87.3 % (69/79)
in advanced liver cancer. However, there was no statistical
difference between the two groups (P>0.05).

Characteristics of GPDA-F in PHC and benign liver diseases
In order to know whether GPDA-F is associated with
inflammation of hepatocytes, GPDA-F and ALT were
measured simultaneously. There was no significant difference
of ALT activities between positive and negative GPDA-F
groups in PHC, but ALT activities in positive GPDA-F group
were significantly higher than that in negative group in liver
cirrhosis and chronic hepatitis (Table 4), suggesting that
GPDA-F was associated with elevated ALT in benign liver
diseases, but not in PHC. It was also found that GPDA-F often
converted to negative with the decrease of ALT in benign liver
diseases but no in PHC (data not shown).

Table 4  Relationship between GPDA-F and ALT in different
liver diseases

       ALT (x±s, u/L)

     PHC         Hepatic cirrhosis     Chronic hepatitis

Negative GPDA-F 31.0±9.6 31.6±3.6a   67.3±13.2a

Positive GPDA-F 50.1±10.2 67.6±31.6 159.8±46.6

aP<0.05 vs positive GPDA-F group.

Effects of neuraminidase on GPDA-F
Serum was treated with neuraminidase before electrophoresis
as mentioned in materials and methods. The migration rate of
GPDA-F became slower than that of GPDA-S following
treatment of neuraminidase, while GPDA-S was not obviously
affected (Figure 2).

Figure 2  The effect of neuraminidase on migration of serum
GPDA isoenzymes. (Lane 1: before treatment of neuraminidase;
lane 2: after treatment of neuraminidase).
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DISCUSSION
PHC is one of the most severe malignancies and ranks second
mortality in malignant tumors in China[6,7]. The prognosis is
poor due to its delayed diagnosis and low resectable rate. Thus
early diagnosis is important to improve the prognosis. Tumor
markers are very useful in diagnosis. AFP is the most widely
used tumor marker for PHC with a positive rate from 60 % to
70 %[8-11]. AFP-L-3, one of the glycoforms of AFP, has higher
specificity for PHC. However, it cannot increase the diagnostic
sensitivity[12-16]. Many studies have focused on other tumor
markers to improve the diagnostic sensitivity for PHC. It has
been found that there are some tumor markers, which are
complementary to AFP in diagnosis of PHC, such as des-gamma-
carboxy prothrombin (PIVKA-II)[17-23], γ-glutamyltransferase
isoenzyme[24-26], transforming growth factor-β1[27-29] and α-L-
fucosidase[30-34] .
    In present study, we have investigated the value of GPDA
isoenzymes in diagnosis of PHC. With a stage gradient
polyacrylamide gel electrophoresis system, serum GPDA has
been separated into two isoenzymes, GPDA-F and GPDA-S.
GPDA-F was often detected in sera of patients with PHC, with
a much higher positive rate than in other liver diseases,
including liver cirrhosis, chronic hepatitis, metastatic liver
cancer and extra-hepatic tumors; while GPDA-F was negative
in healthy subjects and patients with benign liver space-
occupying lesions. The sensitivity and specificity of GPDA-F
in diagnosis of PHC were 85.3 % and 86.2 %, respectively.
These results indicate that GPDA-F may be a valuable serum
marker for PHC.
    Serum GPDA-F in patients with benign liver diseases
possibly originates from the inflammatory hepatocytes because
in such cases positive GPDA-F was often accompanied by
elevated ALT and changed to negative with the decline of ALT.
On the contrary, GPDA-F in PHC is persistently positive and
not correlated with ALT. Therefore, simultaneous determination
and follow-up of ALT may help to rule out the false positive
GPDA-F in benign liver diseases. It is known that some serum
hepatoma markers are of predictive and early diagnostic value
for PHC, such as AFP, des-gamma-carboxy prothrombin and
gamma-glutamyltransferase isoenzyme II[21-23, 26]. Whether
persistent positive of GPDA-F in a few cases of liver cirrhosis
is the precursor of hepatocarcinogenesis needs further
investigation.
     Although the diagnostic efficiency for PHC has been greatly
improved in recent years with the use of many advanced image
techniques, it is still difficult to make the diagnosis in some
cases, especially for those at early stage or with negative AFP.
Present study showed that GPDA-F and AFP were
complementary for diagnosis of PHC. In these data, GPDA-F
was positive in 75 % PHC cases of negative AFP but negative
in all benign liver space-occupying lesions. Therefore, GPDA-
F is of special value for the differential diagnosis of liver space-
occupying lesions of unknown nature. Our data also showed
that there was no correlation between tumor size and GPDA-
F. In 23 cases of small liver cancer, the positive rate of GPDA-
F was 78.3 %, suggesting that GPDA-F may be a good marker
of PHC at early stage.
     The exact mechanism by which GPDA-F appears in the sera
of PHC cases is not clarified. It is possible that GPDA-F is
produced by hepatoma tissues and then released into blood,
since GPDA-F was only found in sera of those PHC cases in
whose hepatoma tissues GPDA-F was positive (unpublished
data). The electrophoretic migration of GPDA-F became slower
than its isoenzyme GPDA-S after treatment with neuramidinase,
indicating that GPDA-F is a kind of glycoprotein rich in sialic
acids in its sugar chain. Therefore, the modification of the sugar
chain after GPDA protein synthesis may be the main process
of the production of GPDA-F. It has been known that several

kinds of glycoproteins synthesized by hepatoma cells are
different from those produced by hepatocytes. For example,
AFP and alpha-1-antitrypsin have higher percentage of lens
culinaris agglutinin-reactive species in hepatocellular
carcinoma than in benign liver diseases. It is also clear that the
fucosylation of the sugar chain at the innermost N-
acetylglucosamine is the molecular basis of this variation[35, 36]

Whether there is the difference of fucosylation of GPDA
isoenzymes between hepatocellular carcinoma and benign liver
diseases needs to be studied further.
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Abstract
AIM: To construct and express ODC recombinant gene for
further exploring its potential use in early diagnosis of
colorectal carcinoma.

METHODS: Total RNA was extracted from colon cancer
tissues and amplified by reverse-transcription PCR with two
primers, which span the whole coding region of ODC. The
synthesized ODC cDNA was cloned into vector pQE-30 at
restriction sites BamH I and Sal I which constituted
recombinant expression plasmid pQE30-ODC. The sequence
of inserted fragment was confirmed by DNA sequencing,
the fusion protein including 6His-tag was facilitated for
purification by Ni-NTA chromatographic column.

RESULTS: ODC expression vector was constructed and
confirmed with restriction enzyme digestion and subsequent
DNA sequencing. The DNA sequence matching on NCBI Blast
showed 99 % affinity. The vector was transformed into E.
coli M15 and expressed. The expressed ODC protein was
verified with Western blotting.

CONCLUSION: The ODC prokaryote expression vector is
constructed and thus greatly facilitates to study the role of
ODC in colorectal carcinoma.

Hu HY, Liu XX, Jiang CY, Zhang Y, Bian JF, Lu Y, Geng Z, Liu
SL, Liu CH, Wang XM, Wang W. Cloning and expression of
ornithine decarboxylase gene from human colorectal carcinoma.
World J Gastroenterol  2003; 9(4): 714-716
http://www.wjgnet.com/1007-9327/9/714.htm

INTRODUCTION
Ornithine decarboxylase (ODC) is the first key enzyme of the
biosynthesis of polyamine which catalyzes the decarboxylation
of the amino acid ornithine to the diamine putrescine. Its
activation regulates the metabolism of spermidine, spermine
and their precursor putrescine. Activity of polyamine
biosynthesis is closely associated with the proceeding of

physiological cell growth, proliferation and regeneration[1] and
pathological proliferation[2]. It is necessary for cell to progress
into S phase, or polyamine depletion arrest cells in G1[3]. ODC
activity and polyamine concentration in colorectal cancers are
significantly elevated compared with that in normal adjacent
and healthy control tissues on rodents[4-7] and human beings.
ODC repressor (eg. Difluoromethylornithine) has been
considered to be one of the molecular targeted interventions
of colon cancer[8]. The changing of ODC activity is an early
event during the expression of malignancy. In this study, an
ODC expression vector expressing a 6His-tag fusion protein
was successfully constructed. The 6His-tag enabled us to purify
the fusion protein with high purity.

MATERIALS AND METHODS
Materials
Trizol, RNA extract reagent, were purchased from Life
Technologies Inc. RT-PCR kit, T-A clone kit, DNA marker
and all restrictive enzymes were purchased from TaKaRa
Shuzo Co.Ltd. Primers were synthesized by Sangon. The
QIAquick Gel Extraction Kit, and expression system were got
from QIAGEN. Protein marker was purchased from Shanghai
Lizhudongfeng biotechnologies Co.Ltd. Standard ODC was
purchased from Sigma.

Tissues
Colorectal carcinoma and respective adjacent normal colorectal
mucus were obtained during surgery. Once the specimens were
removed during operation, the necrotic and ulcerated tumors
were removed and the normal mucosa was dissociated from
the muscle and connective tissue. All specimens were then
kept in liquid nitrogen until further use.

Extraction of total RNA
The total cellular RNA was extracted from normal and cancer
tissues, respectively. The method of RNA extraction was similar
to the Trizol RNA extraction protocol (Life Technologies Inc.).
The concentration of RNA extracted was determined at
wavelength of 260nm using U-2000 spectrophotometer
(HITACH Ltd, Tokyo, Japan).

Reverse transcription polymerase chain reaction (RT-PCR)
The sequence of ODC primers was as follows, up-stream
primer: 5’- gca ggatcc acc atg aac aac ttt ggt aa; down-stream
primer: 5’-gaa gtcgac cta cac att aat act agc cg. The 5’ primer
recognized the start codon of ODC in exon 3, and the 3’primer
recognized the end-codon in exon 12. Restriction sites were
BamH I and Sal I. The first strand of cDNA was synthesized
at 55  for 30 min in the presence of AMV reverse transcriptase
(0.5 unit/µl), RNase inhibitor 1 unit/ml, dNTP 1.0 mM, Mg2+

2.5 mM. The PCR was processed through 35 cycles of denature
(1 min at 95 ), annealing (1.5 min at 58 ), and extension
(1 min at 72 ) (Perkin-Elmer2400 PCR apparatus).

Purification of PCR product and T-A cloning
The PCR products were separated in 1 % agarose gel, and the



band containing ODC cDNA was cut off and placed into the
QIAquick spin column, the ODC cDNA was purified and
linked to plasmid pMD-18 with a polyA linker. The
recombinant was transformed into E. coli. DH5α and selected
by selective culture medium containing ampicillin.

Construction of pQE30-ODC
The pMD-ODC and pQE30 were digested by restrictive
enzymes BamH I and SalI. The inserted fragment of pMD-
ODC was collected from electrophoretic gel, then it was ligated
with the linearized pQE30 by T4 Ligase at 18  overnight.
The recombinant was transformed into E. coli DH5α by CaCl2

method and selected by agar plate containing ampicillin and
confirmed by restriction enzyme mapping. The positive
recombinant was transformed into E. coli. M15.The sequence
of inserted fragment was confirmed by DNA sequencing
(Shanghai Sangon Bioengineering Co.Ltd.).

The expression of ODC fusion protein
The ampicillin-resistant colony of E. coli cells transformed
with plasmid were cultured in LB cultural medium containing
100 mg/L ampicillin and 25 mg/L Kanamycin, and induced
by 1 mM IPTG. The cultured cells were harvested at 1, 2, 3,
4hr after culture, respectively. The optimum time of maximum
expression of proteins was analyzed through SDS-PAGE. The
expressed ODC protein was tested through Western blot with
specific antiserum.

RESULTS

RT-PCR amplification of ODC encoding sequence
RT-PCR was done with total RNA template extracted from
human colon cancer. The designed primers include encoding
sequence of ODC. Electrophoresis of RT-PCR products confirmed
the length of  RT-PCR fragment (1 480 bp) (Figure 1).
     The purified ODC cDNA was ligated to pMD-18 by T-A
complimentary pairing. ODC cDNA was inserted into pQE30
at BamH I and Sal I sites (Figure 2).

Figure 1  RT-PCR product on 1 % agarose gel. Lane 1: ODC
RT-PCR product, 1 480 bp in length; Lane 2: pQE30-ODC plas-
mid digested by restriction enzyme BamHI and SalI.

Figure 2  The pQE30-ODC expression vector including early
promoter T5, Lac operator and 6His-Tag.

Sequence analysis
Sequence of inserted DNA was analyzed with automatic
sequence analyzer and found to be about 1 500 bp in size and
showed 99 % affinity in comparison with DNA sequence
published on line [gi: 4505488].

SDS-PAGE and western blotting
Inserted ODC gene was expressed significantly in the
prokaryotic expression system, and specific strip at 50kDa was
demonstrated in Western blot. The optimum induction period
is 4hr after administration of IPTG (Figure 3, 4).

Figure 3  Expressed ODC protein on SDS-PAGE. Lane 1: M15
negative control; Lane 2-5: Expressed ODC proteins in M15 1
to 4 hour(s) after induction of IPTG; M: Protein marker; The
arrow showed the expressed ODC protein.

Figure 4  Western blot shows a strip of 50kD indicating the
expression of ODC protein.

DISCUSSION
The polyamines are naturally occurring aliphatic polycations
found in almost all living cells[9]. They are positively charged
at neutral pH and the charge is distributed along the length of
the molecule. This facilitates their interaction with anionic
molecules such as DNA and RNA[9,10]. Polyamines have been
shown to be essential for optimal rates of cell growth and
differentiation, with high concentrations being found in rapidly
growing cells and tissues[11].
     Cancer cells always have a higher intracellular polyamine
content than the equivalent normal tissue[12-15]. In addition to
changes in polyamine content, ODC activity has also been
found to be increased significantly in colon adenocarcinoma
tissue compared to microscopically normal tissue from the
same patients[13,16]. Similar findings were observed in human
colonic surgical specimens with both ODC activity and polyamine
content of the malignant tissue being increased [16,17].
Intratumour content of spermidine and spermine was increased
in line with the increase in ODC activity.
     Ornithine decarboxylase (ODC) is a rate-limiting enzyme
in the biosynthesis of polyamines, and is induced in response
to many growth stimuli such as hormones, growth factors, and
tumor promoters, it has a rapid turnover rate with half-life at 15
minutes[18]. Numerous studies have demonstrated that regulation
of ODC can occur at multiple levels, including the transcription
of protooncogene c-myc[19-22], mRNA translation[10,23,24], protein
turnover[10,25,26], and post-transcriptional interactions and
modifications[27-30]. Recent studies focus intensely on ODC and
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polyamine regulation as therapeutic targets. Inhibitors of ODC
were found to suppress tunor formation in experimental models
of bladder, breast, colon, and skin carcinogenesis[31-35].
     Colorectal cancer is a major health problem in the western
world and is associated with significant morbidity and
mortality. First-line therapy is radical surgery with adjuvant
chemotherapy commonly being treatment with antimetabolites
such as 5-fluorouracil[30]. Although great clinical efforts have
been made for the therapy of colorectal cancer with new
technologies, such as CT or MRI colography[4,14], there is still
much to be done on the early diagnosis and treatment. It is
suggest that ODC activity and polyamine content may have
interest in the diagnosis of malignancy and prognosis[15]. As
the change of ODC activity is an early event in the development
of the disease, it may be helpful for early screening and
diagnosis of colon cancer.
     We designed two primers from human ODC gene including
the start codon (ATG) in exon 3 and the termination codon
(TAG) so as to amplify the whole encoding sequence about
1 480 bp of ODC. The exons encode a protein is identical to
the 461-amino acid sequence derived from human ODC.
     The restriction fragment mapping of the recombinant, pQE
30-ODC, indicated that the inserted fragment was about 1.5kb,
which was consistent with the encoding sequence of ODC.
ODC activity in the lysate of transformed M15 was
demonstrated through Western blot. The expressed fusion
protein is about 50kDa, which is similar to the known ODC
protein. The construction and expression of recombinant ODC
provide a tool for ODC related further study.
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Abstract
AIM: To evaluate results of pre-operative radiochemotherapy
followed by surgery for 15 patients with locally advanced
un-resectable rectal cancer.

METHODS: 15 patients with advanced non-resectable rectal
cancer were treated with pre-operative irriadiation of 40-
46 Gy plus concomitant chemotherapy (5-FU+LV and 5’-
DFuR) (RCS group). For comparison, 27 similar patients,
treated by preoperative radiotherapy (40-50 Gy) plus surgery
were served as control (RS group).

RESULTS: No radiochemotherapy or radiotherapy was
interrupted and then was delayed because of toxicities in
both groups. The radical resectability rate was 73.3 % in
the RCS group and 37.0 % (P=0.024) in RS group. Sphincter
preservation rates were 26.6 % and 3.7 % respectively
(P=0.028). Sphincter preservation rates of lower rectal cancer
were 27.3 % and 0.0 % respectively (P=0.014). Response
rates of RCS and RS groups were 46.7 % and 18.5 %
(P=0.053). The tumor downstage rates were 8 (53.3 %)
and 9 (33.3 %) in these groups (P=0.206). The 3-year overall
survival rates were 66.7 % and 55.6 % (P=0.485), and the
disease free survival rates were 40.1 % and 33.2 %
(P=0.663). The 3-year local recurrent rates were 26.7 %
and 48.1 % (P=0.174). No obvious late effects were found
in either groups.

CONCLUSION: High resectability is possible following pre-
operative radiochemotherapy and can have more sphincters
preserved. It is important to improve the quality of the
patients’ life even without increasing the survival or local
control rates. Preoperative radiotherapy with concomitant
full course chemotherapy (5-Fu+LV and 5’-DFuR) is effective
and safe.

Sun XN, Yang QC, Hu JB. Pre-operative radiochemotherapy of
locally advanced rectal cancer. World J Gastroenterol  2003; 9
(4): 717-720
http://www.wjgnet.com/1007-9327/9/717.htm

INTRODUCTION
Neoadjuvant treatment is delivered as radiotherapy (RT) or
radiochemotherapy (RCT) prior to surgery with the aim to
devitalize primary and metastatic tumor cells and to shrink the
tumor so that resection is facilitated even in case of primarily

nonresectable cases[1-6]. The trials of several “neoadjuvant”
radiochemotherapy have generated clear evidence downstaging
is possible, resectability rates are increased, local relapse rates
decreased, and survival rates possibly improved. Preoperative
radiochemotherapy has been regarded as ‘standard’ therapy[1,7] .
      The infusional chemotherapy protocol of 5-FU demonstrated
a higher response rate and a marginal survival benefit in
advanced colorectal cancer[8]. The toxicity was lower in the
infusion protocol than that in bolus protocol [9].  In
chemoradiotherapy with the infusion protocol, this advantage
can still work and have a theoretically better chance of drug-
radiation interaction as well[10]. However, i.v. chemotherapy,
either by infusion or bolus, is still a major source of discomfort
to the patients.
    Oral administration enables sustained exposure to 5-FU,
avoids the technical barrier of intravenous (IV) administration
and allows significant flexibility in choice of the dosage
regimens, provided that efficacy is not compromised[11,12].
Doxifluridine (5’-deoxy-5-fluorouridine, 5’-DFuR) is synthetic
5-deoxy-nucleoside derivative. In experimental murine tumor
systems, doxifluridine has achieved a therapeutic index of 10-15
times greater than that of 5-FU or other fluoropyrimidines[13].
This drug has been shown to be an effective agent when
administered orally[14]. The use of oral doxifluridine and
leucovorin in chemoradiotherapy provides several advantages.
Administration of the drug during the entire radiotherapy
course offers more chances of interaction between the drug
and radiation, similar to infusion chemoradiotherapy; i.v.
infusion-associated complications can be avoided. The use of
oral chemotherapy also provides convenience and a
comfortable environment of drug administration to patients.
     In our study, 15 patients received mean dose of 41.5 Gy of
pelvic irradiation with concurrent chemotherapy of 5-
FU+leucovorin (LV) was administered by bolus injection
during d1-3 and d26-28 of RT. 5’-DFuR were given during
d4-25 of RT (RCS group). 27 similar patients treated by
preoperative radiotherapy (mean dose of 42.6 Gy) were served
as control (RS group). The points of the study were to evaluate
the toxicity, resectability rates and relative response rates of
the treatment, 3-year survival rates and 3-year recurrent rates
in the two groups.

MATERIALS AND METHODS
Patients
Patients with advanced non-resectable rectal cancer were
considered elegible for radiochemotherapy plus surgery study
(RCS group) if they fulfilled the following criteria: Below 72
years old, KPS of 60 or over, histologically confirmed
adenocarcinoma of the rectum, advanced tethered and fixed
primary tumor that were considered unresectable by surgeon.
From December 1995 to January 1997, 15 patients were entered
in the study. They were 12 men and 3 women and age ranging
from 33 to 72 years (mean 50.6). For comparison, 27 similar
patients, treated by preoperative radiotherapy (40-50 Gy) plus
surgery served as control (RS group). They were 21 men and
6 women and age ranging from 18 to 71 (mean 58).
     Table 1 summarized the main demography and baseline
characteristics of all elegible patients.The two groups were
well matched for all evaluated characteristics. All tumors of
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two groups were middle and lower rectal cancers (5-11cm from
anus). 11 and 20 lower rectal cancers in RCS group and RS
group respectively. Before starting treatment all patients
underwent a general examination and got CBC done. These
examinations were repeated every week during the treatment
period and before operation ultrasound and/or CT or MRI and
digital examination were mandatory. Digital examination was
done every week.

Table 1  Patient demography and disease charateristiscs at
baseline

Parameter          RCS group          RS group

Male/female    12/3 21/6

Age(years):median(range) 56(33-72) 58(18-71)

Karnofsky performance status    70-90 70-90

Primary site

Middle        4       7

lower      11     20

Degree of differentiation

Well        1       2

Moderate        7     15

Poor        3       4

Not specified        4       6

TNM staging

T3N0M0        5     14

T3N1M0        0       3

T4N0M0        6       3

T4N1M0        4       5

T4N2M0        0       2

Treatment
Radiation was delivered by linear accelerator (10 MV X-ray).
Similar fields were used for treatment in both groups. The initial
pelvic radiation therapy volume of AP/PA ports and two lateral
fields treated to 4 000 cGy. The use of a boost field to the
primary tumor bed and immediately adjacent lymph nodes were
given in some patients.Total doses of 4 000cGy to 4 600 cGy
(mean 4 150 cGy) were delivered in 4 to 5 weeks in RCS group.
Total doses of 4 000cGy to 5 000cGy (mean 4 260 cGy) were
delivered in 4 to 5 weeks in RS group. In RCS group,
chemotherapy was given concomitantly and consisted of two
courses of 5-FU at a dose of 500 mg/m2/day plus leucovorin at
a dose of 300 mg by intravenous injection for 3 days in week
1 and week 4, 5’-DFuR was administered orally at a dose of
200 mg three times daily concomitantly during radiotherapy
between interval of the two courses of intravenous
chemotherapy. All patients in two groups underwent
subsequent surgery 4 to 5 weeks after the preoperative
treatment. 4 to 6 courses adjuvant chemotherapy (5-FU based)
were given after surgery in two groups.

Evaluation of patients
Assessments of tumor dimensions and involved sites were
performed before the start of treatment and were scheduled
after week 4. Tumor dimensions were assessed by use of
computed tomography scans, x-rays, magnetic resonance
imaging. Tumor response classification was based on standard
World Health Organization criteria. Disappearance of all
known disease at all involved sites was considered a complete
response (CR). Partial reponse (PR) was defined as residual
disease with a decrease=50 % in sum of the products greatest
perpendicular diameters (SPD) of all indicator lesions.
Progressive disease (PD) was defined as the appearance of a

new lesion or an increase of 25 % in the SPD. Stable disease
(SD) was defined as no change in SPD or a change not reaching
to PR or PD. Total response rate was defined as CR plus PR.
Surgical treatment results were summerized (the radical
resectability rate, sphincter preservation rate and complication).
     Patients were followed up every 3 months after the end of
treatment with progression and survival of the disease recorded.
The duration of follow-up ranged from 36-61 months (mean
43). Disease progression and survival time were analyzed
according to Kaplan-Meier estimates and compared using the
log-rank test. A one-sided chi-square test was used at an alpha
level of 2.5 % to compare response data in two patient groups.
The data of toxicity were scored retrospectively according to
the World Health Organization (WHO) toxicity evaluation.

RESULTS

Tumor response
No radiochemotherapy or radiotherapy was interrupted and
was then delayed because of toxicities in both groups. Obvious
pain relief has been achieved in all patients of two groups
presenting with buttock/sciatic/perineal pain, usually within
days of commencing radiochemotherapy/radiotherapy. The
median time of obvious pain relief was 7 days (range 5-10) in
RCS group, 10 days (range 7-18) in RS group.
     11 radical resection, 3 palliative surgery and 1 cytoreductive
surgery were undertaken in RCS group.10 radical resection,
15 palliative surgery and 2 cytoreductive surgery were
undertaken in RS group. Table 2 summarizes the radical
resectability, sphincter preservation, lower rectal cancer
sphincter preservation, response and tumor downstage rates
of the two groups. Pathologic complete response (pCR) of the
primary tumor was observed in two patients of RCS group.

Table 2  The radical resectability, sphincter preservation, lower
rectal cancer sphincter preservation, response and tumor down-
stage rates in the two groups

Parameter RCS group RS group          P

Radical resectability rate      73.3%    37.0%          0.024

Sphincter preservation rate      26.6%      3.7%          0.028
Lower rectal cancer sphincter      27.3%      0.0%          0.014
preservation rate

Response rate      46.7%    18.5%          0.053

Tumor downstage rate      53.3%    33.3%          0.206

Follow-up results
In Table 3 the 3-year overall survival rates, the disease free
survival rates and the 3-year local recurrent rates are compared
in the patients of two groups. Four patients of RCS group had
good to excellent sphincter function.

Table 3  The 3-year overall survival, disease free survival and
local recurrent rates of the patients of two groups

Parameter RCS group RS group P

3-year overall survival rate     66.7%    55.6%           0.485

3-year disease free survival rate     40.1%    33.2%           0.663

3-year local recurrent rate     26.7%    48.1%           0.174

Toxicity
Patients were scored according to the WHO grading. A detailed
description of acute toxicities was given in Table 4. The most
relevant toxic reactions included rectal tenesmus, diarrhea and
perianal area skin reaction. No toxic death was observed in



this study. No patient interrupted the radiochemotherapy and
delayed the operation because of these acute toxicities. Total
incidence of grade 3/4 toxicity were 73.3 % in RCS group,
44.4 % in RS group (P=0.071) respectively. No severe late
toxicity was found in the two groups.

Table 4  WHO modified scale for acute toxicity

          Grading (RCS group)       Grading (RS group)
Site

0     1     2     3     4            0      1      2     3     4

Hematologic:

Neutropenia 8     2     4     1     0          19      3      5     0     0

Non-hematologic:

Small bowl 4     3     7     3     0            6      9    10     2     0

Bladder 6     4     5     0     0          10    11      6     0     0

Skin 0     2     6     7     0            0    10      8     9     0

DISCUSSION
Preoperative radiotherapy (RT) (45 Gy) with continuous
infusion of 5-FU for 5 days per week with or without CDDP
were used by the M.D. Anderson group[15] in locally advanced
tethered and fixed primary rectal cancer to downstage the
tumors. It was concluded that preoperative radiochemotherapy
decreased the local recurrence rate as compared to preoperative
radiotherapy only, with no increase of surgical morbidity and
late morbidity after a follow-up of 3 years. In this study, the
acute toxicities of grade 3 in RCS group were more pronounced
than that in RS group but without statistical differences and no
patient had interrupted the radiochemotherapy and delayed the
operation because of these acute toxicities. University of
Uppsala study[16] proved that the volume of bowel under
radiation, rather than the energy of the radiation influence
postoperative mortality, and emphasize the importance of precise
radiotherapy planning to minimize normal tissue toxic reactions.
    Continuous infusion of 5-FU led to significantly higher
response rates than bolus 5-FU, and a meta-analysis identified
a statistically significant increase in overall survival[17].
However, this improvement was the only report, and other
trials had failed to repeat the significant survival benefit.
Continuous infusion 5-FU is not routinely practised, partly
because of its inconvenience and cost and partly due to central
venous access that might cause significant complications in
15 % to 20 % of patients[18], including infections, bleeding,
thrombosis, and pneumothorax. Each of these complications
has a negative impact on quality of life. Several of the new
chemotherapy drugs used in colorectal cancer also appear to
be radiosensitizers. Pilot and phase II trials incorporating
irinotecan and oxaliplatin[19] into 5-FU-plus-radiation program
are currently used, with encouraging results. Similarly, the oral
5-FU prodrugs[20,21] represent promising new agents to combine
with radiation. The oral route not only makes these drugs
convenient to the patient but also gives prolonged theraputic
serum levels, simulating continuous venous infusion, which
may be the preferable fluoropyrimidine schedule for
radiosensitization.
      5-FU as a radiosensitizer was given by continuous infusion.
5’-DFuR kills cancer cell through PyNPase transformation.
The study by Watanabe et al[22] found that fifty three patients
with advanced colorectal cancer when given single oral doses
of 5’-DFuR, high 5-FU concentration and PyNPase activity
were noted in tumor tissue and lymph nodes. Effective 5-FU
concentration in tumor tissue was maintained even 24 hours
after treatment. Effective lymph node concentration of 5-FU
was maintained even 8 hours after treatment. PyNPase activity
in tumor tissue was significantly higher than that in the normal

intestinal mucosa (P<0.05). In this study, pre-operative
radiochemotherapy was well tolerated. The relatively hight rate
of curative resections indicates that 5-FU and Oral 5’-DFuR
treatment as radiosensizers, maintaining highier concentrations
of 5-FU during RT, are safe and effective. The aim of giving
two courses of 5-FU intravenous injection was to relieve the
local symptoms of the patients with local advanced rectal cancer
and to improve systemic treatment efficacy. The appropriate
dosage of oral 5’-DFuR as radiosensitizer during RT should
be further studied.
     Sphincter preservation rate and sphincter preservation rate
of lower rectal cancer in RCS group were significantly higher
than that of RS group. Therefore, this study at least demonstrates
that sphincter preservation operation did not decrease local
control and survival rates, although when local control and
survival rates were analyzed, the RCS group had no significant
advantage compared with RS group. But it is very important
to meet the request of sphincter preservation by the rectal cancer
patients and to improve their quality of life.
     Local failure rates are high for locally irresectable primary
or recurrent colorectal cancer, even when chemoradiation
therapy is employed. A tumor-free surgical resection margins
are paramount to achieve cure[23-25]. In this study, the radical
resectability rate in the RCS group was significantly higher
than that in RS group, but without significant decrease local
relapse rate, and no significant improvement of survival rate.
Therefore, further study of this modality of treatment should
be continued[26-32].
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Abstract
AIM: To compare the racial differences of anatomical
distribution of colorectal cancer (CRC) and determine the
association of age, gender and time with anatomical
distribution between patients from America (white) and China
(oriental).

METHODS: Data was collected from 690 consecutive
patients in Cleveland Clinic Florida, U.S.A. and 870
consecutive patients in Nan Fang Hospital affiliated to the
First Military Medical University, China over the past 11
years from 1990 to 2000. All patients had colorectal
adenocarcinoma diagnosed by histology and underwent
surgery.

RESULTS: The anatomical subsite distribution of tumor,
age and gender were significantly different between
white and oriental patients. Lesions in the proximal colon
(P<0.001) were found in 36.3 % of white vs 26.0 % of
oriental patients and cancers located in the distal colon
and rectum in 63.7 % of white and 74 % of oriental patients
(P<0.001). There was a trend towards the redistribution
from distal colon and rectum to proximal colon in white
males over time, especially in older patients (>80 years).
No significant change of anatomical distribution occurred
in white women and Oriental patients. The mean age at
diagnosis was 69.0 years in white patients and 48.3 years
in Oriental patients (P<0.001).

CONCLUSION: This is the first study comparing the
anatomical distribution of colorectal cancers in whites and
Chinese patients. White Americans have a higher risk of
proximal CRC and this risk increased with time. The
proportion of white males with CRC also increased with time.
Chinese patients were more likely to have distal CRC and
developed the disease at a significantly earlier age than
white patients. These findings have enhanced our
understanding of the disease process of colorectal cancer in
these two races.

Qing SH, Rao KY, Jiang HY, Wexner SD. Racial differences in
the anatomical distribution of colorectal cancer: a study of
differences between American and Chinese patients. World J
Gastroenterol  2003; 9(4): 721-725
http://www.wjgnet.com/1007-9327/9/721.htm

INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers
in the world and the second leading cause of cancer death in
the United States[1, 2]. It is estimated that 552 000 Americans
died of cancer in the year 2000; about 55 000 of these cancer
deaths were attributed to CRC. In recent years, the incidence
of CRC has increased rapidly in China making it the fourth
leading cause of cancer mortality in China[3]. In general,
majority of these cancers are distally located. During the last
two decades many investigators have noted that the incidence
rate of CRC vary widely by race and gender and the location
also has changed with time[4-15], with a trend towards
redistribution of primary CRC from left to right[16, 17]. Proximal
cancers have a tendency to present at a more advanced stage
and are associated with a poor prognosis. Increasing age, female
gender, black, non-Hispanic race and the presence of comorbid
illnesses were factors associated with a greater likelihood of
developing colorectal cancer in a proximal location. Black
patients with colon cancer are more likely to have a poorer
survival than white patients[13, 18-21]. However, it is not clear
whether there are any differences in anatomical distribution
of primary colorectal cancer between American (white) and
Chinese (oriental) patients.
     We hypothesized that there are significant differences of
anatomical distribution of primary colorectal cancers between
the white (American) and oriental (Chinese) patients. The
purpose of this study is to compare the differences in anatomical
distribution of colorectal cancers and to describe any
association of age, gender and time with primary CRC in white
and oriental patients.

MATERIALS AND METHODS
A retrospective study was undertaken. Data was collected from
690 consecutive white patients in Cleveland Clinic Florida U.
S.A. and 870 consecutive Chinese patients in Nan Fang
Hospital affiliated to the First Military Medical University in
southern China over the past 11 years from 1990 to 2000. All
the patients with CRC were diagnosed by histology and
underwent surgery. Anatomical location of primary colorectal
adenocarcinoma, race, age at diagnosis, gender and year of
diagnosis were noted. Descriptive data on the type of treatment,
patterns of recurrence and metastasis, survival, and the
coexistence of disease were not the focus of our analysis. The
Z-test and Fisher’s Exact Test were performed to detect
statistically significant differences in anatomical site
distribution, age and gender over time between the white and
oriental groups. In this study “proximal colon” includes the
cecum, ascending colon, hepatic flexure, transverse colon and
splenic flexure; “distal colon” includes the descending colon,
sigmoid colon and rectum[22]

RESULTS
664 Consecutive white patients in Cleveland Clinic Florida
and 816 consecutive oriental patients in Nan Fang Hospital in
China had documented histological diagnosis of colorectal
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adenocarcinomas (Table 1). Patients with a diagnosis of
adenocarcinoma only were included in this study.

Table 1  Histological diagnosis of patients with colorectal cancer

       No of patients ( %)

White                    Oriental

Adenocarcinoma 664 (96.2) 816 (93.8)
Nonadenocarcinoma   26 (3.8)   54 (6.2)
Total 690 (100.0) 870 (100.0)

Anatomical subsite distribution
Data on the anatomical distribution, race and gender in the
two groups are shown in Table 2. The anatomical distribution
of the lesions was markedly different between the two races.
Comparision showed that 36.3 % of whites vs 26.0 % of
oriental patients (P<0.001) had lesions in the proximal colon
and 63.7 % of whites vs 74 % of orientals (P<0.001) had cancers
located in the distal colon. The proportions of cancers located
in the cecum, ascending and descending colon in white patients
were higher than those in the orientals (P<0.01). Rectal and
hepatic flexure tumors were less frequent in whites than in
the orientals (P<0.001). There was no significant difference
between cancers located in the transverse colon, splenic flexure
and sigmoid colon.

Gender
Analysis by gender conforms to the overall racial differences.
The proportions of cecal tumors was higher in  the white men
(P<0.001) and women (P<0.001) compared with their Oriental

counterparts. Ascending and descending colon cancers were
also significantly more common in white men (P<0.05) but
not in women (P>0.05). Rectal cancers were significantly more
common in oriental men (P<0.001) and women (P<0.001).
Oriental patients also had significantly more hepatic flexure
cancers among men (P<0.001) and women (P<0.001). There
was no significant difference in the rates of transverse colon,
splenic flexure or sigmoid colon cancers.
     There was a significant gender difference beteen the races
(Table 3). The male: female ratio was slightly higher in whites
(1.49:1) as compared with oriental patients (1.22:1). The
gender ratio (m:f) in whites was 1.43:1 for proximal tumors
and 1.52:1 for distal tumors; in oriental patients the ratio was
1.06:1 for proximal tumors and 1.29:1 for distal tumors.

Age
The mean age at diagnosis was 69.8 years (range 20-91) in
white patients vs 48.3 years (range 13-84) years in oriental
patients; oriental patients were therefore younger by twenty-
one years (P<0.001). Incidence of CRC generally increased
with age; it peaked between 70-79 years in white patients,
whereas the highest incidence in oriental patients was observed
between 50-59 years (P<0.001) (Figure 1).
     We have further analyzed the age related distribution of
proximal and distal tumors in the two racial groups (Figure
2). In white patients, the incidence of proximal tumors had an
early peak by the age of 29 years; the incidence then declined
significantly so that the lowest rates of proximal lesions were
found in the 30-59 years; the incidence of proximal tumors
then gradually rose to a peak at 70-79 years. There was a
significant difference in the proportions of proximal tumors

Table 2  Anatomic subsite distribution of colorectal cancer by race

    Men   Women      Total

      White   Oriental        White     Oriental     White    Oriental

   n   %    n    %    n    %    n     %   n   %    n    %

Cecum   57   8.6   14   1.7c   50   7.5   16   2.0c 107 16.1   30   3.7c

Ascending   45   6.8   31   3.8a   32   4.8   29   3.6   77 11.6   60   7.4b

Hepatic flexure     5   0.8   27   3.3c     2   0.3   26   3.2c     7   1.1   53   6.5c

Transverse   27   4.1   20   2.5   13   1.9   25   3.0   40   6.0   45   5.5
Splenic flexure     8   1.2   17   2.1     2   0.3     7   0.8   10   1.5   24   2.9
Descending   20   3.0     9   1.1a   11   1.7     7   0.9   31   4.7   16   2.0b

Sigmoid   63   9.5   82 10.0   54   8.1   64   7.9 117 17.6 146 17.9
Rectum 172 25.9 249 30.5c 103 15.5 193 23.7c 275 41.4 442 54.2c

Proximal 142 21.4 109 13.6c   99 14.9 103 12.6a 241 36.3 212 26.0c

Distal 255 38.4 340 41.7c 168 25.3 264 32.3a 423 63.7 604 74.0c

Total 397 59.8 449 55.0 267 44.2 367 45.0 664      100.0 816 100.0

aP<0.05, bP<0.01, cP<0.001.

Table 3  Anatomic subsite distribution of colorectal cancer by race and time

      Proximal       Distal       Total

Time      Man        Woman Ratio Man     Woman Ratio Man      Woman Ratio

1990-1995 White        51             43  1.19  106           72  1.47  157           115  1.37

Yellow        55             49  1.12  163b         128a  1.27  218b           177  1.23

1996-2000 White        91             56  1.63  149           96  1.55  240           152  1.58

Yellow        54c             54a  1.00  177         136  1.30  231b           190  1.22

Total White      142             99  1.43  255         168  1.52  397           267  1.49

Yellow      109c                   103a  1.06  340c         264a  1.29  449           367  1.22

aP<0.05, bP<0.01, cP<0.001.



between various age groups: 0-29 years vs 30-59 years as well
as 30-59 years vs. 60 years and older (P<0.001). In oriental
patients, the curve for incidence of proximal lesions was
relatively flat. Young patients between 0-29 years had the
lowest rate which was significantly lower than patients above
30 years (P<0.001). The curves for proximal cancers in White
and Oriental patients diverge at the extremes of age and there
were significant differences between the two races at 0-29 years
as well as above 70 years (P<0.01). In White patients, there
was a marked increase in the rates of proximal tumors whereas
the frequency of distal tumors decreased with age. This trend
was not observed in Oriental patients (Figure 2).

Figure 1  Age related incidence of colorectal cancers in two races.

Figure 2  Age-related distribution of cancers.

Time
Generally, there was an increase in the proportion of white
men with colorectal cancer from 1.37:1 during 90-95 to 1.58:
1 during 96-2000 (P<0.05) (Table 3). This increase was
especially seen in proximal cancers of whites which increased
from 1.19:1 in 90-95 to 1.63:1 in 96-2000 (P<0.01); the gender
ratio among whites for distal cancers changed from 1.47:1 in
90-95 to 1.55:1 in 96-2000 (P>0.05). There was no significant
change in the gender distribution of oriental patients (P>0.05)
between these two time periods.
     Table 3 shows that in whites the proportion of proximal
cancers increased from 34.6 % in 1990-1995 to 37.5 % between
1996-2000 and distal cancers decreased from 65.4 % to 62.5 %
of all cancers between the same periods of time. There was a
trend towards a redistribution of primary colorectal cancers
from distal to proximal colon, but the difference was not
significant. When we further compared the relationshiPbetween
anatomical distribution and gender, a marked trend was found
towards the redistribution of primary colorectal cancers from
distal colorectum to proximal colon in white men with time,
especially in the 80-99 years group, but this change was not
significant (P>0.05) (Figure 3). No significant change of
anatomical distribution of tumor occurred in Oriental patients

over time (P>0.05); in whom the proportion of cancers on the
proximal side remained significantly higher. In addition, the
proportion of proximal tumors remained significantly lower
in white than in oriental patients.

Figure 3  Gender and time based distribution of colorectal
adenocarcinomas. The Y-axis shows percentage of tumors.

DISCUSSION
An important aspect of colorectal cancer is its anatomical site
of origin, the majority of these cancers being diagnosed in the
distal colon and rectum. Epidemiological characteristics of
colorectal cancer differ by anatomical subsite, which suggests
that other underlying subsite-specific differences may be
present. There is evidence of a steady migration of colorectal
cancer from distal to more proximal sites[17], although a
decrease in proximal cancerswas reported[22]. This is the first
study comparing the anatomical distribution of colorectal
cancers in these two large racial groups - American and
Chinese. The study demonstrates that the most frequent
anatomical subsite of origin of primary colorectal
adenocarcinomas is the same - the rectum and sigmoid colon,
in American and Chinese patients. The proportion of cancers
located in the cecum and ascending colon in whites are
significantly higher than those in the oriental patients; the latter
did have significantly more tumors in the rectum. The
proportion of cancers located in the transverse and sigmoid
colon was similar in the two groups. Overall, the frequency of
lesions in the proximal colon of white patients (36.3 %) was
markedly higher than that of oriental patients (26.0 %).
Likewise, the proportion of tumors located in the distal colon
of oriental patients (74 %) was significantly higher than that
of whites (63.7 %). CRC is considerd a disease of western
developed countries, which has an approximately 10 times
greater incidence than developing countries of Africa[23]. In
general, the developed countries have a predominance of left-
sided cancers, whereas low-risk communities have a higher
proportion of right-sided cancers[24]. Compared with America,
China is a low risk community. The reasons for the significantly
higher incidence of right-sided CRC in white patients are still
not clear.
      Many hypotheses have been developed based on histological
differences between the left and right colon, differences in their
functions, sex hormones, diet, and genetics. Proximal and distal
sections of the colon also have different embryologic origins
and morphology. The proximal colon is primarily involved
with water absorption and solidification of fecal contents for
storage. It is likely that there are differences in sensitivity and
exposure to carcinogens for the proximal and distal sections
of colon. There might even be differences in the etiologic agent
between right-sided and left sided colorectal cancers; a study
showed that different carcinogens produced cancers in different
parts of the large bowel in experimental animals[20].
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    No specific carcinogen has been found to cause CRC in
humans, but the differences in the epidemiological patterns of
CRC among various populations suggest the role of an
environmental or dietary etiologic agent[25]. The higher
consumption of refined carbohydrates and fat and less dietary
fiber may contribute to the increased incidence of colorectal
cancers in the western countries[16, 26]. Increased dietary fat
resulted in increased bile acids in the intestine, a possible
mechanism for carcinogenesis[27]. High concentrations of fecal
bile acids have been observed in people who eat a high fat
diet. Bile acids in turn caused colonic bacteria to produce
increased amounts of secondary bile acids and other metabolic
by products, compounds that may be associated with the high
risk of large bowel cancer[9, 28-30].
     Dietary fiber may play an important protective role against
colorectal cancer by diluting the fecal concentration of
mutagens and bile acids, and by altering the colonic luminal
environment[31]. Even the type of dietary fiber may be important
in reducing the fecal mutagenic activity[31]. It is said that, it is
imperative to point out that the evidence linking fiber and
colorectal cancer is not conclusive. Dietary fiber probably
protects against carcinogenesis, if it is present in the diet from
an early age[32].
     Another possible factor increasing the risk of rectal cancer
is consumption of large amounts of alcoholic beverages,
particularly beer. For example, alcohol has been shown to
increase the relative risk for colon cancer by 1.71 when
prospective study is made in black and white patients. In
contrast, increased amount of vitamin C intake may be
protective against rectal cancer[22, 24, 33-34].
     We have observed a trend toward a redistribution of CRC
from distal to proximal in white men, especially in the older
men, a finding that is similar to others in the literature which
showed a trend towards the redistribution of primary CRC from
left to right with increasing time[35]. We found no significant
change in the anatomical distribution of colorectal cancer in
white women and oriental patients, the distribution remaining
fairly stable in these two groups.
      In recent years, the male: female ratio for CRC rose in many
published reports[4, 36]. This study showed that overall rates of
colorectal cancers were higher among men than women in both
races, but the proportion of white men was greater than that of
oriental men, especially for proximal cancers. Between the
periods 1990-95 and 1996-2000, we found the male-female
ratio in whites rose from 1.19:1 to 1.68:1 for proximal colon
cancers and 1.47:1 to 1.55:1 for distal colon cancers; over the
same periods, in Oriental patients, the male-female ratio
declined from 1.12:1 to 1:1 for proximal and rose from 1.27:1 to
1.30:1 for distal cancers (Table 3). There was no significant change
in the oriental race, a finding in agreement with others[9].
      This gender-based disparity is largely unexplained. Recently
it has been suggested that hormone replacement therapy may
decrease the incidence of colorectal cancer in females. Female
sex hormones are known to affect cholesterol metabolism
which in turn affects bile acid production, a pathway linked to
the development of colorectal cancer. Differences in bile acid
metabolism between the proximal and distal colon may
contribute to the gender-based disparity in colorectal cancer
risk[24].
    Age at diagnosis was significantly different between the
races. The mean age was 69.8 years in whites and 48.3 years
in oriental patients; oriental patients being diagnosed about
twenty-one years earlier. The whites presented most commonly
between 70-79 years, but the oriental patients had the highest
rate of presentation between 50-59 years. The greater
proportion of proximal tumors with increasing age in older
white patients has also been noted by others[15,37-40]. This trend
was not observed in oriental patients. There was a higher

incidence of CRC in younger oriental patients of both sexes,
the reasons for which are unknown.
    The explanation for differences among racial or ethnic
groups may lie in host, environmental, or behavioral factors
that act alone or in combination. Heredity plays only a small
role. As for colorectal adenocarcinoma, patients in China share
the epidemiological characteristics of developing countries. It
seems that behavioral factors, such as the dietary habits of
Americans and Chinese are more likely to contribute to the
difference.
    We found that white Americans have a higher risk of
proximal CRC and this risk increased with time. The proportion
of white males with CRC also increased with time. Chinese
patients were more likely to have distal CRC and developed
the disease at a significantly earlier age than white patients.
As colorectal cancer is one of the most common cancers in the
world, it is important to conduct further study to explain subsite
differences between the races and sexes. Evaluation of such
differences will improve our understanding of colorectal
carcinogenesis and may help formulate preventive strategies
and perhaps guide research on therapy.
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Abstract
AIM: A single-chain antibody fragment, ND-1scFv, against
human colorectal carcinoma was constructed and expressed
in E.coli, and its biodistribution and pharmacokinetic
properties were studied in mice bearing tumor.

METHODS: VH and VL genes were amplified from hybridoma
cell IC-2, secreting monoclonal antibody ND-1, by RT-PCR,
and connected by linker (Gly4Ser)3 to form scFv gene, which
was cloned into expression vector pET 28a(+) and finally
expressed in E.coli. The expressed product ND-1scFv was
purified by metal affinity chromatography using Ni-NTA, its
purity and biological activity were determined using SDS-
PAGE and ELISA. ND-1scFv was labeled with 99mTc, and then
injected into mice bearing colorectal carcinoma xenograft
for phamacokinetic study in vivo.

RESULTS: SDS-PAGE analysis showed that the relative
molecular weight of recombinant protein was 30kDa with
purity of 94 %. ELIAS assay revealed that ND-1scFv retained
the immunoactivity of parent mAb, being capable of binding
specifically to human colorectal carcinoma cell line expressing
associated antigen. Radiolabeled ND-1scFv exhibited rapid
tumor targeting, with specific distribution in mice bearing
colorectal carcinoma xenograft observed as early as 1 h
following injection. In vivo pharmacokinetic studies also
demonstrated that ND-1scFv had very rapid plasma clearance
(T1/2α of 5.7 min, T1/2β of 2.6 h).

CONCLUSION: ND-1scFv shows significant immunoactivity,
and better pharmacokinetic and biodistribution characteristics
compared with intact mAbs, demonstrating the possibility
as a carrier for tumor-imaging.

Fang J, Jin HB, Song JD. Construction, expression and tumor
targeting of a single-chain Fv against human colorectal
carcinoma. World J Gastroenterol  2003; 9(4): 726-730
http://www.wjgnet.com/1007-9327/9/726.htm

INTRODUCTION
Colorectal carcinoma is one of the common malignant tumors
with relatively high incidence, occupying the fourth rate of
mortality in China. Therefore, efficient diagnosis and

therapeutic approaches are important for colorectal carcinoma
research. Although in recent years some progress has been
made in respect to application of monoclonal antibodies for
the therapy and diagnosis of colorectal carcinoma, most mAbs
are of murine origin, so that repeated administration can induce
human anti- mouse antibodies (HAMA), moreover, intact
mAbs are generally too large (Mt 150 000) to penetrate tumor
masses, which can severely limit the efficacy of antibody in
clinical utilization[1]. To overcome such deficiencies, gene
engineering antibody, including human origin antibodies,
single chain Fv (scFv), human-murine chimed antibodies are
developed to improve murine origin mAbs[2-9]. ScFv, which is
comprised of immunoglobulin heavy- and light-chain variable
regions that are connected by a short peptide linker, is the gene
engineered antibody employed most widely at present. The
main advantages of scFv over intact mAbs and Fab fragment
are their small size (Mr 30 000, amounting to one sixth of intact
mAbs), making them penetrate a solid tumor mass rapidly and
evenly. In addition, the lack of Fc domains makes them less
immunogenic responsive and less capable of binding to Fc
receptors distributed on normal cells. These characteristics
make scFv potentially useful in tumor diagnosis and therapy
as a carrier[10,11].
    ND-1 is a murine monoclonal antibody against tumor-
associated antigen LEA , mainly expressed in human colorectal
carcinoma, developed by Jindan Song in 1986, which was
obtained by immunizing Balb/c mouse with CCL-187 human
colorectal carcinoma cell line. The histochemical determination
of one thousand pathologic samples showed that ND-1 binded
specifically to well differentiated and moderately differentiated
colorectal carcinoma tissues and its specificity is superior to
mAbs against CEA. 131I labeled ND-1 also exhibited excellent
imaging of tumor tissue in mice bearing colorectal carcinoma
xenograft. We constructed a scFv by gene engineering
technology from the VL and VH of ND-1, a monoclonal
antibody against human colorectal carcinoma, and determined
the biological properties of ND-1 scFv in vivo and in vitro.

MATERIALS AND METHODS
Materials
IC-2 is murine hybridoma cell that secrets monoclonal antibody
ND-1against human colorectal carcinoma. Both IC-2 and HeLa
human cervical carcinoma cell line were from our group.
pET28a(+) expression vector and E. coli BL21 were kindly
provided by Dr. YH. Chen. CCL-187 human colorectal
carcinoma cell line was kindly provided by Tumor Research
Institution of Medical College of Harvard University. pMD18-
T vector, E.coli JM109 component cell, DNA polymerase,
restriction enzyme, and DNA recovery kit were purchased from
TarkaRa Biotechnology (Dalian, China). mRNA purification
kit and T4 DNA ligase were bought from Pharmacia Biotech.
Anti-His6 tag antibody was from Invitrogen. Ni-NTA resin
was provided by Qaigen company. MDP and 99mTc were kindly
provided by Department of Nuclear Medicine at  China Medical
University. Heavy chain primer 1 and 2, light chain primer
mix, linker primer mix, and RS primer mix was purchased
from Pharmacia Biotech.



Genetic construction of ND-1scFv
ND-1scFv gene was constructed as previously described.
Briefly, mRNA was extracted from 5×106 hybridoma cells IC-
2 and cDNA was synthesized by reverse transcription using
random primer. VH and VL gene were separately amplified from
the cDNA by PCR using heavy chain primer and light primer
mix. The VH and VL gene fragments were recovered and mixed
in equimolar ratios for two PCR reactions, the first one using
linker primer mix for 7 cycles, followed by the second one
using RS primer mix for 30 cycles. As a result, VH and VL

gene fragments were connected to form scFv gene by extension
overlap splicing PCR, and then, obtained ND-1 scFv gene was
cloned into pMD18-T, and transformed into E. coli JM109,
positive clones were identified by colony PCR and DNA
sequencing.
      Oligonucleotide primers S1 and S2 were designed to add
EcoRI site at the 5’ end of ND-1scFv, and Hind III site,
SalIsite at the 3’end. S1: 5’ACTGAATTCATGGCCCAGGT
GCAGCTGCAGC 3’, S2: 5’ CGCAAGCTTCTAGTCGAC
TTTCCAGCTTGGTC 3’. pMD18-T-ND-1scFv was used as
template for a PCR by primer S1 and S2, and the product was
cloned into the vector pET28a(+) after digestion with EcoRI
and HindIII, and then transformed into competent E.coli
BL21cells for protein expression.

DNA sequencing
ND-1scFv genes cloned into pMD18T and pET28a(+) were
sequenced by the dideoxy chain termination method with M13
primer, T7 promoter primer and T7 terminator primer.

Expression and purification of ND-1scFv
E.coli BL21 cells containing pET28a(+)-ND-1scFv plasmid
were grown in 100 ml LB broth with 50 µg/ml kanamycin at
37 , when O.D600 of the culture attained about 0.6, IPTG
was added in a final concentration of 1 mmol, and cells were
shaken at 37 , after 3.5 h, the culture was centrifuged at
5 000 rpm for 10 min, the cell pellet was treated with lyses
solution. After sonication and centrifugation, inclusion body
containing scFv protein was solubilized and denatured in the
presence of 6 mol/L Guanidine hydrochloride. Affinity
chromatography on Ni-NTA resin was performed to purify
scFv, the column was eluted with 8 mol /L urea at pH8.0,
pH6.5 and pH4.2, and the component of pH4.2, containing scFv,
was collected, following renaturing by dialysis. Purity and
concentration of protein were determined with Bradford assay.

ELISA assay for activity of ND-1scFv
CCL-187 cells and HeLa cells (5×104) were grown in 96- well
microtiter plates at 37  for 24 h, then fixed with 2.5 %
glutaradehyde and blocked with 1 % BSA, followed by
incubation with ND-1IgG or ND-1scFv at 37  for 2 h; after
washing 3 times with PBS, anti-His6 antibody was added into
wells with ND-1scFv and incubated as above, the plate was
washed and HRP-labeled goat anti-mouse IgG was added into
both ND-IgG and ND-1scFv wells, incubating at 37  for 2
h, substrate TMB was added, incubated in darkness for 30 min,
the reaction was terminated with1N H2SO4; PBS was used as a
negative control.

Tumor model
Human colorectal carcinoma cells (1×106 ) were injected s.c.
into the back of athymic mice (nu/nu)(4-6 weeks old). When a
tumor developed at 0.5-1.5 cm in diameter, biodistribution and
pharmacokinetics were studied.

Biodistribution and pharmacokinetics studies
ND-1scFv and ND-1IgG were labeled with 99mTc using MDP.

Excess β-mercaptoethanol was added to the solution containing
ND-1scFv and ND-1IgG, reduced product (1 mg) was mixed
with 40 µl MDP (2.5 mg/ml) and 370MBq 99mTc. Biodistribution
study was performed using tumor-bearing mice injected i.p.
with 0.2 ml 99mTc-ND-1scFv, the mice were killed at different
periods. Blood, tumor and all the main organs were collected
and weighed. The radioactivity was counted in a gamma
scintillation counter. The T/NT value for each organ was
calculated.
      Pharmacokinetic study was performed by the tumor- bearing
mice injected via the tail vein with 0.1 ml 99mTc-ND-1scFv
and 99mTc-ND-1 IgG. Blood samples were obtained via tail
bleeds at 0, 5, 10, 15, 30, 60, 120, 180 min and 24 h after
injection, the radioactivity was counted in a gamma scintillation
counter, and pharmacokinetic parameters were calculated.

RESULTS

Clone of ND-1scFv gene
VH and VL gene were amplified from hybridoma cell IC-2 that
secreted monoclonal antibody against human colorectal
carcinoma, and then were connected by a linker (Gly3Ser)4

using extension overlap splicing PCR to construct scFv gene,
which had EcoRI site at 5’ end and HindIII site at 3’ end. scFv
gene was cloned into the vector pET28a(+) and expressed in
E.coli BL21. Restriction enzyme digestion analysis showed
scFv gene had been accurately inserted into vector pET28a
(+). Sequence analysis revealed that scFv gene consisted of
732bp, encoding 243 amino acids. Of which, 354bp for heavy
chain gene, was located upstream of scFv gene, and 330bp for
the light chain gene, was located downstream. They were
connected by a 45bp linker sequence. The deduced protein
sequence of ND-1scFv was showed in Figure 1.

M A Q V Q L Q Q S G P G L V A P S Q S L
S I T CT V S G F S L T T D V H W V R Q P
P R K G L E W L G L V W A N G R T N C T
S A L M S R I S I T R D T S K N Q V F L T
M N S L Q T D D T A M Y Y C A R G S Y
G A V D F W G Q G T T V T V S S G G G G
S G G G G S G G G G S D I E L T Q S P A
       linker
S LA V S L G Q R A T I S Y R A S K S V S
T S G Y S Y M H W N Q Q K P G Q P P R L
L I Y L V S N L E S G V P A R F S G S G S
G T D F TL N I H P V E E E DA A T Y Y C
Q H I R E L T R S E G G P S W K

Figure 1  Amino acid sequences of ND-1scFv deduced from
nucleotide sequences.

Expression and purification of ND-1scFv
Plasmid ND-1scFv-pET28a(+) was transformed into E.coli
BL21, the protein was expressed with induction of IPTG. SDS-
PAGE analysis showed that the lysates of BL21 cell expressing
scFv protein exhibited a new protein band with molecular
weight at 30kDa (Figure 2). Because a sequence encoding a
short peptide His-tag exists at the upstream of multi-clone site
(MCS) of vector pET28a(+), ND-1scFv was expressed as a
recombinant fusion protein with His tag, consisting of 26kDa
for scFv and 4kDa for His-tag and its upstream sequence, which
was consistent with the theoretically predicted value. SDS-
PAGE analysis also showed that no new protein component
was found in the supernatant of cell lysate of E.coli
BL21induced by IPTG, which indicated scFv protein was
expressed in the form of inclusion body. Inclusion body protein
was purified by metal affinity chromatography using Ni-NTA
resin which could bind to the His-tag protein marker located
on the N terminal end of scFv specifically,  purity of purified
scFv was 94 % purity.
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Figure 2  Expressed ND-1scFv. M: Protein marker; 1: Expres-
sion of pET28a(+)-ND-1scFv without induction; 2: Expression
of pET28a(+)-ND-1scFv with induction of IPTG; 3: purified ND-
1scFv protein.

Determination of immunoactivity of ND-1scFv
The immunoreactivity of purified ND-1scFv was determined
by ELISA, the result revealed that scFv exhibited an
immunoreactivity similar to the parent ND-1 antibody, and
showed strong binding to CCL-187 cells expressing colorectal
carcinoma associated antigen LEA, and weak binding to LEA-
negative HeLa cells. This suggested that scFv had excellent
specificity and still retained higher activity after undergoing
refolding and purifying procedures.

Table 1  Immune activity of ND-1scFv determined by ELISA

OD450nm (x±s)
Sample

 CCL-187    HeLa

ND-1IgG 1.92±0.28 0.20±0.06
ND-1scFv 0.87±0.17 0.19±0.03
PBS 0.14±0.03 0.13±0.01

In vivo distribution studies
ND-1scFv was labeled with 99mTc. 99mTc-ND-1scFv was
injected into mice bearing the CCL-187 xenograft for
biodistribution studies. Radioactivity in blood, tumor and
normal tissue was determined at 1 and 3 h following injection,
and the ratios of radioactivity between tumor tissue and normal
tissue (T/NT) were evaluated. The result showed that labeled
scFv displayed rapid localization in tumors, accumulation was
found in tumors in high concentrations 1 hour after injection,
and scFv uptake in tumor was significantly higher than that in
other normal tissues (Table 2).

Table 2  Distribution of 99mTc- labeled  ND-1scFv in mice-bear-
ing tumor (x±s)

          T/NT value
Tissue

     1 h      3 h

Blood 2.61±0.97 2.16±1.05

Liver 1.20±0.40 1.75±1.10

Spleen 2.72±0.10 1.23±0.65

Kidney 0.07±0.05 0.26±0.01

Heart 1.75±0.51 1.90±0.60

Lung 0.83±0.31 0.62±0.16

Pharmocokinetic studies
Studies were conducted to define the pharmocokinetic
properties of plasma clearance of 99mTc labeled ND-1scFv in
mice bearing tumor (Table 3). Compared with intact ND-1
IgG, 99mTc-ND-1scFv exhibited an extremely rapid clearance

from the plasma, 80 % of the scFv was cleared out of the plasma
pool at 15 min following injection, T1/2α phase for the scFv
was 5.7 min, T1/2β phase was 2.6 h, while T1/2α and T1/2β for
the ND-1 were 60 min and 18 h, respectively.

Table 3  Pharmacokinetic parameter of 99mTc-labeled ND-1scFv
in mice-bearing tumor

ND-1IgG ND-1scFv

Alpha half-life (min)       5.7       60
Beta half-life (h)       2.6       18

DISCUSSION
The critical issue in application of mAbs is its high specificity
and good in vivo biological features. In this study, single chain
Fv ND-1scFv against human colorectal carcinoma was
constructed by fusing gene of variable region of heavy chain
with gene of variable region of light chain, and the ND-1scFv
protein was functionally expressed in E.coli. ELISA analysis
showed that ND-1scFv had an immunoactivity similar to the
parent ND-1 mAbs, and binded specifically to the CCL-187
human colorectal carcinoma cell that expressed associated
antigen LEA. This suggests that ND-1 mAb with only a Fv
segment still retained its immunoactivity of binding to
corresponding antigens, which is consistent to the previous
reports. In addition, ND-1scFv also exhibited excellent specific
distribution and pharmacokinetic characteristic in tumor-
bearing mice.
     A linker sequence was required to connect VH and VL for
the construction of scFv, the linker widely used at present was
a 15-amino acid sequence consisting of repetition of four Gly
and one Ser (GGGGS)[12-15]. In this study, the (Gly4Ser)3

sequence was used, and the fusion molecule was constructed
in VH-linker-VL order, the expressed ND-1scFv protein retained
favorable stability during the renaturing and dialyzing, and
retained biological activity similar to the parent antibody. In
addition, a SalI site was provided at scFv 3’ end except for
adding a HindIII site for ligasing the vector. In another
experiment, we have already constructed a fusion protein of
ND-1scFv and yeast cytosine deaminase using the same
restriction site.
    E.coli gene expression system is known as the earliest
developed and most widely applied system for gene
engineering. Although expressed proteins are usually lack of
the effective modification such as glycosylation, there are some
evidences suggesting that a variety of antibody fragments
expressed in E.coli were able to fold and assemble correctly
into bioactive products without the processing[16-20], which was
also confirmed in own studies. pET vector which belongs to
the T7 expression system propagating in E.coli was used to
express of ND-1scFv. This vector contains T7 promoter, which
can achieve high level controlled gene transcription in the
presence of T7 RNA polymerase[19, 21-24]. ND-1scFv protein was
intensively expressed to 17 % of the total bacterial protein. In
addition, a 6×His tag sequence exists at the upstream of clone
site in the pET vector, which was expressed in the form of
fusion protein with the downstream scFv. Since it did not
influence the bioactivity of expressed products, no enzyme
hydrolysis process was required to remove it from the final
products. This simplified the whole expression procedure. It
was even more worth noticing that this sequence could be  used
as a protein marker for the determination and purification of
expressed proteins[25-27]. ND-1scFv protein was purified by
metal affinity chromatography using Ni-NTA resin which can
bind to His tag specifically located on -NH3 of scFv. SDS-
PAGE analysis showed that the purity of ND-1scFv was as
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high as 94 %, and the concentration was 1.5 mg/ml,
demonstrating its potential usefulness in clinical application.
    After being reconstructed into small molecules, the
molecular weight of mAbs usually reduced to as 1/3 or 1/6 of
intact mAbs, which significantly increased their penetrability
to tumor tissue. Related experimental observation revealed that
intact mAbs mainly concentrated nearby the blood vessel, while
scFv seemed to be distributed uniformly within the tumor tissue
and performing targeting function with high efficiency[28,29].
Furthermore, scFv exhibited two- phase pharmacokinetic
characteristic in vivo, its T1/2α (equilibrium phase) is much
shorter than that of intact mAbs, implying that the in vivo
equilibrated distribution of scFv may be reached rapidly, and
its penetration into the interior of solid tumor could be achieved
in a short time. In our experiment, 99mTc labeled ND-1scFv
accumulated in tumor tissue in high concentration rapidly only
1 h after being injected into mice bearing xenograft. The
radioactivity was significantly higher than that in most of
normal tissues, while intact ND-1 required 20-24 h to obtain
similar accumulation. Plasma pharmacokinetic studies in mice
bearing tumor also showed a rapid plasma clearance of ND-
1scFv superior to intact ND-1. Strong penetrability, rapid
localization and elimination are the main biological behavior
of scFv in vivo, making it an ideal localizing diagnostic agent
for clinical applications. These were further validated by the
immunoimaging experiments in mice bearing tumor using a
various of scFvs against different tumor antigen[30-32]. Hitherto,
the superiority of ND-1 developed by our group over the
commercial product, mAb vs CEA, both in specificity and
affinity, has been demonstrated in a number in vivo and in
vitro experiments. Thus ND-1scFv, constructed from VH and
VL of ND-1, may provide a new approach for clinical diagnosis
and treatment of human colorectal carcinoma.
      In this study, we observed that labeled scFv simultaneously
accumulated intensively in kidney and in tumors of mice
bearing xenograft, which also has been reported by other
researchers[30]. On one hand, relative small size of scFv
promotes its rapid uptake by kidney, so that the accumulation
in kidney occurs shortly after injection, on the other hand, the
half life of 99mTc is shorter, which, although beneficial for in
vivo fast imaging, also increases the uptake of labeled scFv
by kidney[28]. Recently, Goel et al[33,34] constructed divalent
[sc(Fv)2] and tetravalent {[sc(Fv)2]2} by covalent interaction,
which increased the valence of scFvs and improved their
affinity. Compared to the monovalent scFv, the divalent scFvs
showed approximately 20-fold higher affinities. Furthermore,
the molecular weight of multivalent scFvs was larger than scFv,
but still smaller than intact IgG, so the in vivo pharmacokinetic
behavior would be more promising[35-40]. Some researchers
suggested that this uptake also may be related to the IP of the
scFv, thus, there exists the possibility of directly modifying
the isoelectric point of the scFv by introducing mutation in
framework regions. A lower IP may reduce non-specific uptake
into tissues such as the kidney[31]. The ND-1scFv constructed
in this study retained the immunoactivity of parent mAbs and
the clinical application are demonstrated preliminarily in
radiolabling experiment with mice bearing tumor. With further
development, it may become a promising targeting carrier for
clinical diagnosis.
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Abstract
AIM: To determine whether one genotype (A or non-A
genotypes of HBV) predominated over the other during the
course of HBV infection.

METHODS: Four baboons were inoculated with HBV. DNA
was extracted from serum obtained at monthly intervals post-
inoculation for 52 weeks and HBV DNA was amplified using
primers specific for the core region containing an insert
characteristic of genotype A (nt 2 354-2 359, numbering
from the EcoRI site). The amplicons were cloned into PCR-
ScriptTM and a minimum of 15 clones per time point were
sequenced in both directions.

RESULTS: Both genotypes persisted for the entire follow-
up period of 52 weeks. Genotype non-A predominated in
two baboons and genotype A in one baboon. Neither
genotype predominated in the fourth baboon, as shown at
a 5 % level of testing.

CONCLUSION: No conclusions concerning the dominance
of either genotype or the natural progression or replication
rates of HBV could be drawn because the pattern of the
genotypes found may have been caused by sampling
fluctuations at the time of DNA extraction and cloning as a
result of the very low viral loads in the baboon sera.

Baptista M, Kramvis A, Jammeh S, Naicker J, Galpin JS, Kew
MC. Follow up of infection of chacma baboons with inoculum
containing a and non-a genotypes of hepatitis B virus. World J
Gastroenterol  2003; 9(4): 731-735
http://www.wjgnet.com/1007-9327/9/731.htm

INTRODUCTION
Xenografts from closely related non-human primates or pigs
have been suggested as one way to alleviate the chronic
shortage of donor organs for human liver transplantation.
Baboons (Papio species) which are phylogenetically close to
humans, have reasonably large livers, and are not endangered.
They have already been the source of xenografts for two
humans undergoing liver transplantation[1-3] (as well as for a
few patients receiving kidney or heart transplants[2, 4-6]). The
use of liver xenografts would, however, be precluded if they

were infected by zoonotic pathogens. In addition, because
chronic hepatitis C and B virus infections are now the most
frequent causes of end-stage liver disease requiring
transplantation in humans[7], the donor livers should be resistant
to infection with these viruses. Our study has previously shown
that Chacma baboons (Papio ursinus orientalis) are resistant
to infection of hepatitis C virus[8] but are susceptible to infection
of hepatitis B virus (HBV)[9].
      In the latter study[9], pooled serum from three patients with
acute hepatitis B (the serum of all three was HBV surface
(HBsAg)- and e antigen (HBeAg)-positive and had high titers
of HBV DNA) had been injected into the baboons. Direct
sequencing of HBV DNA amplified at various times post-
inoculation indicated that the baboons had been inoculated with
a mixed population of HBV. Cloning of the HBV DNA
amplified from the inoculum revealed that it fortuitously
contained approximately equal proportions of A and non-A
genotypes of HBV. HBV has been classified into genotypes
A-H, with an intergenotypic diversity of at least 8 %[10-13].
Genotype A accounts for 80 % and genotype D for 10 % of the
genotypes found in southern Africa, with the other genotypes
being either absent or present in very few isolates[14]. HBV
genotypes have a characteristic geographical distribution[15],
which help in tracing the route of HBV infection[16], and may
influence the severity and outcome of infection with this
virus[17]. However, little is known about the natural progression
and severity of the infection when more than one genotype is
present[18].
    Co-infection with two or more genotypes may be the
consequence of multiple exposures to infection at an early age
when immune responses are immature or in older individuals
with immune disorders[19], or the result from genotype changes
during seroconversion from e antigen positivity to negativity[20].
Documented cases of co-infection with more than one genotype
of HBV were rare[18,19,21,22], and the natural progression of HBV
infection in this circumstance has not been thoroughly
evaluated. In one patient studied recently, infection with
genotypes D and A (with D predominant) was serologically
“silent” (HBsAg-negative but HBV DNA-positive), although
with pathological consequences because the patient was
cirrhotic and died of liver failure[18]. This patient may be of
particular interest in view of our failure to detect HBsAg in
the serum of our HBV DNA-positive inoculated baboons[9].
Therefore, the opportunity was taken in the present study to
monitor the changes over time in the relative proportions of
genotypes A and non-A in the inoculated baboons and to
ascertain if the two genotypes differed in their rate of replication
or in their ability to persist in the inoculated baboons.

MATERIALS AND METHODS
Samples
For this study, serum samples which were collected at 4-weekly
intervals from 4 baboons infected by inoculated HBV[9] were
analyzed which was started at week 8,. Because the initial
phases of the study included the housing and inoculation of
the baboons, the collection of serum samples were carried out
at the Medical University of Southern Africa, this study was
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undertook with the permission given by the Animal Ethics
Committee of that institution. The Committee approved the
procedures, and the care of the baboons according to its
guidelines and those of the South African Medical Research
Council. Each of the baboons had received intravenous
injection of 1 ml pooled serum obtained from 3 HBV surface
antigen (HBsAg) and HBV e antigen (HBeAg)-positive patients
with clinically-overt acute hepatitis B. The concentration of
HBV DNA in the pooled sera was 2 133 pg/ml (which was
2 982 pg/ml in another laboratory) using the Digene Hybrid
Capture System (Digene Diagnosis Inc., Beltsville, MD, USA);
the values in the individual isolates were 2 870 pg/ml, 6 660
pg/ml and 692 pg/ml, respectively. Using methods of
amplification and cloning (see below), the HBV DNA amplfied
from the pooled inoculum was shown to contain equal
proportions of genotype A and non-A of HBV. All of the
baboon sera were tested for HBsAg, anti-HBc, and anti-HBs
using commercially available assays (Abbott Laboratories,
Chicago, IL, USA). All serum samples were stored at -20 .

PCR assay of HBV
HBV DNA levels were assessed with a quantitative PCR assay
(AmplicorTM HBV monitor test, Roche Diagnostics). Briefly,
50 µl of serum were prepared with pre-treatment with
polyethylene glycol, alkaline lysis of the pelleted viral particles,
and neutralization of the lysate. After adding a fixed amount
of internal standard and a PCR mix, 30 cycles of PCR
amplification were performed according to the manufacturer’s
instructions. Biotinylated amplicons were captured on
strepavidin-coated microwells and hybridized with specific
dinitrophenyl-labelled oligonucleotide probes. It was incubated
with alkaline phosphatase conjugated anti-DNP antibodies and
a colorimetric substrate, then a kinetic of O.D. determination
of HBV DNA levels was performed. The limit of detection of
this PCR assay was 400 copies of viral genome per ml, and
quantitation was linear up to 4×107 copies per ml[23,24].

DNA extraction
DNA was extracted from serum using the QIAamp blood kit
(Qiagen Inc., Hilden Germany), according to the manufacturer’s
instructions and as previously described[25]. Known positive
and negative sera, as well as best quality water were used as
controls for the extraction procedure.

PCR of HBV DNA
HBV DNA in the core region was amplified using primers
designed to amplify all the HBV genotypes (Table 1A and
1B). PCR was performed in 25 µL and 50 µL final reaction
volumes for the first and second rounds, respectively. The
reaction for the first round of the PCR consisted of 0.02 U/µL
DynazymeTM Taq DNA polymerase (version 2.0, Finnzymes
OY, Espoo, Finland), 200 µmol/L of each of the nucleotide
triphosphates, 1 µmol/L of each of the primers, 4 mmol/L
MgCl2 and 10 mmol/L Tris-HCl (pH 8.8 at 25 ), 50 mmol/L
KCl, and 0.1 % Triton® X-100. The reaction mixture for the
second round of the PCR was the same as for the first round
except that 1.5 mmol/L MgCl2 was used. A third round of PCR
was used on the serum from those time points that were
negative after 2 rounds of PCR. The reaction mixture was the
same as for the second round of PCR except that concentrations
of MgCl2  of 1.0 mmol/L, 1.5 mmol/L, and 1.5 mmol/L, were
used for the first, second, and third rounds of PCR, respectively.
All PCR assays were performed in a programmable thermal
cycler (Perkin Elmer, Norwalk, CT, USA) with the 3-step
cycling profile shown in Table 1B. Sera positive for HBsAg,
HBeAg, and HBV DNA detected by slot-blot hybridization
were used as positive controls and best quality water instead

of DNA as negative controls. To avoid cross-contamination
and false-positive results, the precautions and procedures
recommended by Kwok and Higuchi[26] were strictly adhered
to DNA extraction, the various stages of PCR amplification,
and gel electrophoresis were performed in physically separate
venues.

Table 1A  Oligonucleotide primers

Primer Positiona      Sequence

1687(+) 1687-1706   5’CGA CCG ACC TTG AGG CAT AC 3’

Double- PCR1 2498(-) 2498-2477   5’AAG CCC AGT AAA GTT TCC CAC C 3’

round 2267(+) 2267-2284   5’ GGA GTG TGG ATT CGC ACT 3’

PCR PCR2 2436(-) 2436-2419   5’ TGA GAT CTT CTG CGA CGC 3’

1687(+) 1687-1706    5’CGA CCG ACC TTG AGG CAT AC 3’

Triple- PCR1 2498(-) 2498-2477    5’AAG CCC AGT AAA GTT TCC CAC C 3’

round 1795(+) 1795-1812    5’ TGG TCT GTC GAC CAG CAC 3’

PCR PCR2 2436(-) 2436-2419    5’ TGA GAT CTT CTG CGA CGC 3’

2267(+) 2267-2284    5’ GGA GTG TGG ATT CGC ACT 3’

PCR3 2400(-) 2400-2382    5’ CTG CGA GGC GAG GGA GTT 3’

Table 1B  Polymerase chain reaction cycling profiles

           Amplification conditions
Sizeb

Denaturation    Annealing      Extension

Double-round PCR1   94oC 30 sec      62oC 40 sec     72oC 80 sec       812bp

PCR

PCR2   94oC 30 sec      57oC 50 sec     72oC 50 sec       170bp

Triple-round PCR1   94oC 30 sec      62oC 40 sec     72oC 80 sec        812bp

PCR

PCR2   94oC 30 sec      48oC 60 sec     72oC 50 sec        642bp

PCR3   94oC 30 sec      50oC 60 sec     72oC 50 sec        134bp

Notes: PCR1: the first round polymerase chain reaction; PCR2:
the second round polymerase chain reaction; PCR3: the triple
round polymerase chain reaction. (+) sense; (-) anti-sense.
aDenotes the nucleotide position of hepatitis B virus adw ge-
nome (GenBank accession #V00866) where the EcoRI cleavage
site is position 1. bSize of the amplicons in base pairs.

Detection of amplified products
A 5 µl aliquot of the amplified PCR product was electrophoresed
in a 2 % agarose gel. Bands of the appropriate size (Table 1A
and 1B) were visualised under ultraviolet light after ethidium
bromide staining.

Cloning and nucleotide sequencing
Following the double or triple round PCR, amplicons were
cloned using PCR-Script (Stratagene, La Jolla, CA, USA).
Plasmid DNA was extracted using the QIAprep spin miniprep
kit (Qiagen Inc., Hilden, Germany) and restricted with Pvu II
to confirm the presence of the correct insert (Table 1A and
1B). Sequencing of positive clones was performed using the
T7 Sequenase Version 2.0 DNA sequencing kit (Amersham
Life Science Inc., Cleveland, OH, USA). Sequences were
analyzed in both forward and reverse directions with primers
T3 and T7 on 8 % glycerol-tolerant acrylamide gels and
autoradiographed. The number of clones of A and non-A
genotypes obtained at each time point was used as a measure
of the relative proportions of the two genotypes in the serum
at that time.

Statistical analysis
Fisher’s Exact test and the Chi-squared tests were used for
statistical analysis, where appropriate.



RESULTS
HBV DNA was detected in the serum using either double or
triple round PCR in the four inoculated baboons at various
time points during the 52-week follow up period. For baboons
1 and 13 HBV DNA concentration was determined at various
time of post-inoculation using the Amplicor HBV MonitorTM

Test (Table 2). When serum was available for further analysis
and HBV DNA was successfully amplified, the amplicons were
cloned and sequenced. Genotype A was distinguished from
the other genotypes by the sequence 5’CGGGAC3’ (nt 2 354
-nt 2 359, numbering from the Eco R1 site) that is specific to
this genotype (Figure 1). Depletion of inoculum serum
prevented us from amplifying the S region and carrying out
restriction fragment length polymorphisms in order to assign
the non-A genotype to one of genotypes B to H. Although we
could not preclude the possibility that the non-A isolates were
comprised of more than one genotype, the most likely genotype
would be genotype D, the genotype besides A commonly found
in South Africa[14].

Figure 1  Sequence profiles of the core region (nucleotides 2 340-
2 368 numbering from the EcoRI site) showing the insertion of
5’CGGGAC3’ (nucleotide 2 354-2 359) found in genotype A and
its absence in genotypes non-A.  Tracks G, A, T and C are labelled.

Table 2  HBV DNA levels measured by the amplicor HBV moni-
tor test

HBV DNA Levels (genomes/ml)
Time of post-
inoculation (months)

          2          3         4         5        6     7        8           9        10       10

Baboon 1        <400   <400   4 338   3 711   ns   ns    <400       ns   <400   <400

Baboon 13        <400      ns       ns       ns      ns   ns   2 6216  1 003    ns      ns

Notes: ns: no serum available.

     Figure 2 showed the relative concentration of genotypes A
and non-A at the various time points represented as a percentage
of the total number of clones obtained and sequenced at that
time point. The hypothesis of equal proportions of the genotypes
over time was rejected for all four baboons (P<0.002 in each
instance). For each specific time/baboon combination, the
hypothesis that the proportions of genotype A and non-A were
equal was rejected in all but 4 cases, namely, at 10 months for
baboons 2 and 12, and at 11 months for baboons 1 and 13.

      Genotype non-A predominated in two baboons (baboon 2
and 13) and genotype A in one baboon (baboon 1); neither
genotype predominated in the fourth baboon (baboon 12), as
shown at a 5 % level of testing. In the three baboons in which
one or other genotype predominated, there was at least one
time-point at which the non-dominant genotype was present
in the highest concentration at a proportion significantly
different from zero.

Figure 2  The change of genotype of hepatitis B virus at various
time of post-infection which was represented as a percentage.
The number of clones sequenced at each time point was showed
in brackets. *ino: inoculum.
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DISCUSSION
Neither HBsAg nor antibody to HBsAg (anti-HBs) was
detected by conventional tests in the serum of the four
inoculated baboons at any time during the 52 weeks they were
monitored[9]. HBV DNA identical to either the A or non-A
HBV genotypes inoculated was, however, detected in each
baboon throughout the follow-up period, and the presence of
anti-HBc and Dane particles, small spherical particles and
tubular particles was demonstrated in the serum at 16 weeks[9].
The viral titers in the baboons were low (Table 2), as shown
by the need to use nested PCR amplification to detect HBV
DNA at all time points and three rounds of amplification at
some time-points. No biochemical evidence of liver injury was
evident at any stage and liver histology was normal at 52 weeks.
These findings together suggested that the animals had become
chronic asymptomatic carriers of the virus.
    We had hoped that a clear pattern of different rates of
replication of the two genotypes would be evident. However,
no uniform pattern could be discerned in the relative
concentration of genotypes A and non-A during the 52 weeks
(Figure 2). Other explanations of a technical nature for the
varying concentrations of the genotypes were needed therefore
to be considered. One possibility was that the number of clones
sampled at each time-point was too small to accurately assess
the relative proportions of the genotypes in the serum at that
time. This explanation was not supported by statistical analysis
of the numbers of clones involved at each time point. A more
likely explanation was that the low copy number of the
genotypes resulted in sampling error at the time of HBV DNA
extraction and cloning. This explanation was particularly
apposite for the genotype pattern in baboon 13, in which
genotype A alone was found in a single sample, whereas at all
other time-points on either side of this sample, genotype non-
A either predominated or was the sole genotype cloned (Figure
2A). It was also relevant that the conditions created in the study
were artificial on two counts: the approximately equal
concentrations of the two genotypes inoculated into the
baboons resulted from the pooling of three serum samples from
different patients, and we were assessing the effects of a human
virus injected into a non-human primate.
    Jeantet and co-workers were able to clone and sequence
entire HBV genomes and found a number of mutations in the
surface, precore and other regions affecting expression of the
surface gene in both genotypes[18]. The A genotype was fully
replication competent, although, surprisingly, this was not true
of the predominant D genotype. Sequencing of the subgenomic
amplicons of HBV from our infected baboons did not reveal
any mutations in the core region of the HBV isolates. Full
genome analysis was impossible in our study because the study
was carried out retrospectively. Either the serum samples were
depleted or when serum was available full genome amplification
did not work, possibly because of the low viral load.
     The very low concentrations of HBV in the serum of the
infected baboons (Table 2) and the resulting likelihood of
sampling error during viral DNA extraction and cloning
prevented us from drawing firm conclusions about the natural
progression over time of genotypes A and non-A replication
in baboons. The study did however show that both genotypes
persisted for the entire period of 52-week of follow-up.
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Abstract
AIM: To evaluate the level of sperm chromosome aberrations
in male patients with hepatitis B, and to directly detect
whether there are HBV DNA integrations in sperm
chromosomes of hepatitis B patients.

METHODS: Sperm chromosomes of 14 tested subjects (5
healthy controls, 9 patients with HBV infection, including 1
with acute hepatitis B, 2 with chronic active hepatitis B, 4
with chronic persistent hepatitis B, 2 chronic HBsAg carriers
with no clinical symptoms) were prepared using interspecific
in vitro fertilization between zona-free golden hamster ova
and human spermatozoa, and the frequencies of aberration
spermatozoa were compared between subjects of HBV
infection and controls. Fluorescence in situ hybridization
(FISH) to sperm chromosome spreads was carried out with
biotin-labeled full length HBV DNA probe to detect the specific
HBV DNA sequences in the sperm chromosomes.

RESULTS: The total frequency of sperm chromosome
aberrations in HBV infection group (14.8 %, 33/223) was
significantly higher than that in the control group (4.3 %,
5/116). Moreover, the sperm chromosomes in HBV infection
patients commonly presented stickiness, clumping, failure
to staining, etc, which would affect the analysis of sperm
chromosomes. Specific fluorescent signal spots for HBV DNA
were seen in sperm chromosomes of one patient with chronic
persistent hepatitis. In 9 (9/42) sperm chromosome
complements containing fluorescent signal spots, one
presented 5 obvious FISH spots, others presented 2 to 4
signals. There was significant difference of fluorescence
intensity among the signal spots. The distribution of signal
sites among chromosomes was random.

CONCLUSION: HBV infection can bring about mutagenic
effects on sperm chromosomes. Integrations of viral DNA
into sperm chromosomes which are multisites and

nonspecific, can further increase the instability of sperm
chromosomes. This study suggested that HBV infection can
create extensively hereditary effects by alteration genetic
constituent and/or induction chromosome aberrations, as
well as the possibility of vertical transmission of HBV via the
germ line to the next generation.

Huang JM, Huang TH, Qiu HY, Fang XW, Zhuang TG, Liu HX,
Wang YH, Deng LZ, Qiu JW. Effects of hepatitis B virus infection
on human sperm chromosomes. World J Gastroenterol  2003;
9(4): 736-740
http://www.wjgnet.com/1007-9327/9/736.htm

INTRODUCTION
Hepatitis B virus (HBV) infection is a serious public health
problem worldwide[1-3], especially in Far-East Asia such as
China. During HBV infection, HBV can be found in saliva,
vaginal secretions, semen and other tissues beyond the liver
and blood[4-6]. It is well established that HBV DNA could
integrate not only into the host hepatocytes but also into sperm
cells[7-19]. Extensive studies have confirmed that HBV DNA
integrated into the hepatocytes will increase chromosome
instabil i ty  and cause genetic  recombination  and
hepatocarcinogenesis[7-17]. In this study, in order to clarify the
inheritable influence of HBV on sperm chromosomes, we used
interspecific in vitro fertilization with zona-free hamster eggs
to prepare sperm chromosomes and compared the aberration
frequencies of sperm chromosomes between patients with
hepatitis B and the controls. In addition, FISH technique with
HBV DNA as a probe was used to detect HBV sequences in
sperm chromosomes and to analyze features of sperm
chromosomes integrated HBV DNA. The genetic significance
of the results from this investigation was discussed.

MATERIALS AND METHODS

Subjects
Nine men with HBV infection, including 1 subject with acute
hepatitis, 6 with chronic hepatitis (2 with chronic active
hepatitis, 4 with chronic persistent hepatitis), 2 chronic HBsAg
carriers with no clinical symptoms, and 5 healthy men as
controls were studied. The age range was from 22 to 38 years
old (mean 27), without the history of exposure of radiation
and use of mutagenic agent. The status of the markers of HBV
infection of the subjects tested was listed in Table 1.

Preparation of sperm chromosomes
The technique of interspecific in vitro fertilization of zona-free
golden hamster was used to prepare the sperm chromosomes.
Those procedures included the treatment of semen samples from
the tested subjects, superovulation of golden hamsters and egg
processing, insemination and postinsemination culture and
preparation of chromosome slides[20,21].

Analysis of aberrations of sperm chromosome
Sperm chromosome slides were stained with 10-fold diluted



Giemsa in 50 ml Sorensen’ s buffer, pH6.8, for 20-30 min and
observed under the light microscope. After the observation,
the slides were stored at -70  for FISH test. Frequency
distributions of spermatozoa with chromosome aberrations
were evaluated by using Chi-square test.

Fluorescence in situ hybridization of sperm chromosomes
Labeling HBV DNA probe with biotin  Recombinant
plasmid, pHBV-1 containing 3.2kb HBV genomic DNA, was
taken to amplify according to the routine method[22]. The
3.2kb HBV DNA probe with its vector (altogether 6.2kb) was
labeled with biotin-14-dATP by nick translation (GIBCOBRL
No. 18247-015). Unincorporated nucleotides were separated
by cold ethanol precipitation method.
In situ hybridization  Sperm chromosome slides were orderly
treated with RNase (Sigma) at 100 mg/L for 60 min at 37 ,
then at 50 mg/L pepsin (Sigma) in 0.01N HCl for 10 min at
37 , at last at 1 % polyformaldehyde in PBS for 10 min at
room temperature. Chromosomes were denatured at 75  for
4 min in 70 % formamide in 2×SSC. In situ hybridization with
denatured DNA probe mentioned above was performed with
a modification of the procedure described by our previous
paper[23]. Briefly, 10 µl hybridization buffer (50 % deionized
formamide, 10 % dextran sulfate, and 2×SSC) containing 40
ng/µl biotin-labeled HBV DNA probe, 500 ng/µl sheared salmon
sperm DNA was placed on each slide. A coverslip (18×18 mm)
was then applied and sealed with rubber cement, followed by
overnight incubation in a humidified chamber at 37 .
Detection of hybridization signals  Post-hybridization
washing was carried out, referring to Korenberg’s methods
for mapping small DNA probes[24], once in 40 % formamide,
2×SSC for 10 min at 40 , then twice, each for 5 min, in
2×SSC at room temperature. Hybridization signals were
detected with FITC-conjugated avidin and amplified with goat
biotinylated anti-avidin antibody followed by another layer of
FITC-avdin (avidin and anti-avidin, Vector Laboratories). To
increase the intensity of the hybridization signal, a second round
of amplification was applied by sandwich method as above.
In order to reduce the nonspecific binding, the slides were
preincubated in 4×SSC with 15 % nonfat dry milk for 10 min
at 37  prior to each step of immunological reactions. The
chromosomes were counterstained with propidium iodide (PI,
Sigma) and 4, 6-diamidino-2-phenylindole (DAPI, Sigma),
2 µg/ml each in PBS/glycerol (1:9, v/v) containing 0.2 % (1,4)-
diazobicyclo-(2, 2, 2) octane (DABCO, Sigma) as an anti-fade

agent. Photograghy was taken under a fluorescence microscope
(BH-2, Olympus) with the G excitation filter, EY-455 help
excitation filter and Y-475 barrier filter, using Fuji ASA 400
color film.

RESULTS
Analysis of chromosomal quality
Under the same conditions of the experiment, sperm of the
subjects with HBV infection as well as healthy controls
appeared to be able to penetrate into zona-free hamster oocytes
and to develop to the first-cleavage metaphase. However, the
quality of metaphase spreads of sperm chromosomes had
significant difference between the above two groups (P<0.005,
χ2 _test). The quality of a number of sperm chromosome plates
of the subjects with HBV infection was low, showing generally
hard to be stained, stickiness of chromosome, clumping,
tortuosity and so on, making the analyzable metaphase spreads
greatly decreased. Whereas, few of these phenomena occurred
in the controls although a small proportion of sperm
chromosome plates of the controls could not be analyzed
because of poor separation of chromosomes (Table 2).

Incidence of chromosome aberrations
Among the analyzable metaphase spreads, chromosome
aberrations observed included numerical anomaly (aneuploidy),
gap, ring chromosome, triradial, dicentric chromosome,
pulverization, acentric fragment and deletion, orderly. Of the
233 analyzable sperm metaphase spreads in the hepatitis group,
33 (14.8 %) complements contained chromosome aberrations,
being significantly higher than 5 (4.3 %) chromosome
aberrations in the control group (P<0.005, χ2 _test).

Signals of in situ hybridization
Using specific whole length HBV DNA as probe to perform
in situ hibridization on sperm chromosome slides, the sperm
metaphases of one patient with chronic persistent hepatitis
(subject 6) presented positive signals, all other tested subjects’
spermatozoa (50 per subject), as well as all hamster oocytes
(more than 200) did not have FISH signal (Table 1). Of 42
chromosome complements of subject 6 with chronic persistent
hepatitis, 9 complements showed clearly twin yellow spots on
some chromosomes. In 9 sperm metaphase spreads with
positive signals, one had 5 signals on different chromosomes,
the rest ranged from 2 to 4 spots involving unrelated

Table 1  Markers of HBV infection of the tested subjects

Serum Seminal fluid
Subjects Age

HBsAg             Anti-HBc          HBeAg       Anti-HBs       Anti-HBe      HBV-DNA            HBsAg          HBV-DNA

Hepatitisa

1  38      +      +   - - - + + -
2  32      +      +   + - - + - +
3  25      +      +   - - + + - -
4  22      +      +   + - - - + +
5  26      +      +   - - + - + +
6  23      +      +   - - + - - +
7  27      +      +   + - - + + -
8  22      +      +   - - + - - -
9  25      +      +   - - - + - +
Controls
1  32      -      -   - - - - - -
2  29      -      -   - - - - - -
3  23      -      -   - - - - - -
4  25      -      -   - - - - - -
5  26      -      -   - - - - - -

a1: acute hepatitis; 2, 3: chronic active hepatitis; 4, 5, 6, 7: chronic persistent hepatitis; 8, 9: chronic HBsAg carriers.
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chromosomes. The intensity of signal presented distinct
difference among the spots. Positive signals detected were not
identical in the chromosomes and in distribution (Figure1).

Figure 1  Detection of HBV DNA sequences in sperm chromo-
somes by FISH with biotinylated whole length HBV DNA
probe: (A) a well separated chromosome plate from one pa-
tient (subject 6) with chronic persistent hepatitis, with three
fluorescent signals on different chromosomes; (B) a poorly sepa-
rated chromosome plate from the same patient with five fluo-
rescent signals.

DISCUSSION
Our studies showed that the frequency of sperm chromosomal
aberrations was greatly elevated after the infection of hepatitis
B virus, and FISH could directly visualize the integration of
HBV DNA sequences into sperm chromosomes. These results
suggested that HBV infection could produce inheritable
biological effects by carrying genetic materials damaged by
virus or carrying altered genetic constituent due to the insertions
of virus DNA in germ cells. As we know, this is the first report
about the influence of biological factors on human sperm
chromosomes.
    In our study, we unexpectedly found that the sperm
chromosomes frequently presented stickiness, faint stain and
extreme tortuosity in the tested subjects with HBV infection
and analyzable metaphases were low. Nevertheless, these
changes were not found in the healthy controls under the strictly
identical conditions. A previous report demonstrated that this
manifestation had occurred in the chromosomes of somatic
cells of HB patients with positive HBsAg[25]. The reasons of
causing chromosomal stickiness in the HBV infection patients
were unclear. The possibilities we considered might include
the following events: First, antigen components of HBV such
as core protein might interfere with the assembly of
chromosome from chromatin due to its interaction with
histones, it was confirmed that the core protein of HBV had
participated in the organization of nucleosomes with histones
in the hepatitis B virus minichromosome [26,27], so the
condensation degree of chromosome was decreased and
staining of chromosome became more difficult. Second, local
despiralizations in the chromosomes occurred due to virus or
its components. Third, premature chromosome condensation
(PCC) might be induced by HBV, because virus-induced PCC
was a common phenomenon[28]. Chromosome stickiness itself
may be a manifestation of chromosomal pulverizations.
     Previous reports have indicated that HBV infection can
induce genetic alterations in somatic cells including
hepatocytes and blood cells etc, showing increase of the rate
of chromosomal aberrations or SCEs[29-35]. It was reported that
influenza in spermatocytes of mice could greatly induce the

Table 2 Analytical results of sperm chromosomes of the tested subjects

       Number of abnormal sperm

Sub-jects      Number of       Number (%)           Number(%) of   With structural aberrations  Rates (%) FISH Re
       metaphase      of analyzable           normal sperm    With aneu of anormal    -sults
spreads observed   metaphase spreads         karyotypes          -ploidy        g           r          tr        dic      pul     ace      del      sperm

Hepatitis
1 73          23(31.5) 20(87.0)  1    0   0          0          1          0         1         0         13.0       -
2 69          20(29.0) 15(75.0)  1    1   0          2          0          0         0         1         25.0       -
3 72          24(33.3) 22(91.7)  0    1   0          0          0          1         0         0           8.3       -
4 68          29(42.6) 25(86.2)  0    0   1          0          2          0         1         0         13.8       -
5 86          30(34.9) 28(93.3)  1(1)a    0   1          1a         0          0         0         0           6.7       -
6             113          43(38.1) 30(69.8)  5(2)a    4(1)b   2(1)a   2(1)a     0          2         1b        0         30.2       +
7 82          19(23.2) 19(100 )  0    0   0          0          0          0         0         0           0.0       -
8 61          23(37.7) 20(87.0)  0    0   1          0          1          1         0         0         13.0       -
9 48          12(25.0) 11(91.7)  1    0   0          0          0          0         0         0           8.3       -
Total             672          223(33.2) 190(85.2)  9(3) a    6(1) b   5          5          4          4         3         1         14.8       -
Controls
1 57          31(54.3) 29(93.5)  0    0   1          0          0          0         1         0           6.5       -
2 61          21(34.4) 21(100 )  0    0   0          0          0          0         0         0           0.0       -
3 50          19(38.0) 19(100 )  0    0   0          0          0          0         0         0           0.0       -
4 36          17(47.2) 16(94.1)  1    0   0          0          0          0         0         0           5.9       -
5 42          28(66.7) 26(92.9)  0    1   0          0          1          0         0         0           7.1       -
Total             246          116(47.2) 111(95.7)  1    1   1          0          1          0         1         0           4.3       -

g=Gap; r=Ring; tr=Triradial; dic=Dicentric chromosome; pul=Pulverization; ace=Acentric fragment; del=Deletion
aFor containing both numerically and structurally chromosomal aberrations simultaneously
bFor containing gap and acentric fragment chromosome aberrations simultaneously
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increase of chromosomal anomalies[36]. Our studies revealed
that the incidence of chromosomal aberrations in the HBV
infection group was significantly higher than that in the
controls. Although in the present study the individual sample
sizes and analyzable chromosome numbers were not large
enough and it was difficult to compare the differences of rates
and types of aberrations among the different clinical and
serological states of HBV infection, there were some features
worthy to be considered: First, the incidence of chromosome
aberrations did not appear to be closely correlated with the
seminal fluid status of HBV infection; Second, the chromosome
pulverizations were not observed in the controls but were
present in 4 sperm cells in the HBV infection group; Third,
subject 6 with proven HBV integrations in the sperm
chromosomes had prominently higher level of chromosomal
aberration than the other HBV infection subjects; Fourth, the
chromosome breakages were more frequent in the HBV
infection group than that in the controls.
     FISH onto sperm chromosomes by specific HBV DNA as
a probe had showed positive signals in an HBV patient. The
results directly indicated that HBV could penetrate blood-testis
barrier and enter male germ line and integrate into their
genome. So the possibility of vertical transmission of HBV
via the germ cells was further confirmed[18,19]. Our preliminary
observations showed that HBV integrations into sperm
chromosomes had the feature of multi-site integrations and
that the predilection site of HBV insertion into chromosomes
seemed to be unlikely present. These results were similar with
other previous reports about HBV-related hepatocellular
carcinoma either in HCC-derived cell lines or in liver tumor
samples[7-17,32,33]. During spermatogeneis, the stem cells
sequentially undergo proliferation by mitosis and
differentiation into spermatocytes and formation into
spermatozoa by meiosis. The occurred important events of
meiosis were the pairing and recombination of chromosomes
during the prophase of meiosis I[37]. Thus it was possible that
relocation of viral sequences and multi-site integrations could
occur via genetic recombination when HBV was inserted into
male reproductive cells, but the genetic effect of initial HBV
insertion into various spermatogenic stages must have been
greatly various. If the insertion occurred in stem cells, their all
daughter cells would carry the integrated form of viral DNA
and the effects would be long-term. In our studies, we were
surprised by the fact that FISH showed strong signals in a
patient using single small DNA probe. The reasonable
explanations for this result included that the copies of HBV
strand-invasion may be multiple, HBV sequence generated
duplications in situ after the invasion into host genome, during
the processes of making spermatozoa, unequal cross-over or
DNA rearrangements occurred repeatedly due to HBV insertion
into DNA of stem cells. According to the sperm chromosome
aberration analysis (Table 2), such a subject with HBV
integrations had relatively higher incidence of sperm
chromosome aberration than that in other subjects without
HBV integration. This correlation implied that viral DNA
integrations into germ line significantly increased the instability
of gametic genome. Thus, HBV integration into sperm cells
would create extensively inheritable effects including offspring
from such sperm fusion with ovum presenting HBV infection
status in newborn infant and producing congenital or hereditary
disease (for example, embryonal tumor) by altering genetic
constituent and/or inducing mutations[38-40].
      We conclude that H BV infection can bring about mutagenic
effects on sperm chromosomes which show that the incidence
of sperm chromosome aberrations is significantly elevated after
the infection of HBV. Integrations of viral DNA into sperm
chromosomes with feature of multisites and nonspecific can
further increase the instability of sperm chromosomes. Our

study suggests that HBV infection can create extensively
inheritable effects not only by altering genetic constituent and/
or inducing mutations but also possibly by vertical transmission
of HBV via the germ line to the next generation.
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Abstract
AIM: To determine the prevalences of TTV and HGV infections
among blood donors and patients with chronic liver disease
in Korea, to investigate the association of TTV and HGV
infections with blood transfusion, and to assess the correlation
between TTV and HGV viremia and hepatic damage.

METHODS: A total of 391 serum samples were examined
in this study. Samples were obtained from healthy blood
donors (n=110), hepatitis B surface antigen (HBsAg)-positive
donors (n=112), anti-hepatitis C virus (anti-HCV)-positive
donors (n=69), patients with type B chronic liver disease
(n=81), and patients with type C chronic liver disease (n=19).
TTV DNA was detected using the hemi-nested PCR. HGV
RNA was tested using RT-PCR. A history of blood transfusion
and serum levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were also determined.

RESULTS: TTV DNA was detected in 8.2 % of healthy blood
donors, 16.1 % of HBsAg-positive donors, 20.3 % of anti-
HCV-positive donors, 21.0 % of patients with type B chronic
liver disease, and 21.1 % of patients with type C chronic
liver disease. HGV RNA was detected in 1.8 % of healthy
blood donors, 1.8 % of HBsAg-positive donors, 17.4 % of
anti-HCV-positive donors, 13.6 % of patients with type B
chronic liver disease, and 10.5 % of patients with type C
chronic liver disease. The prevalence of TTV and HGV
infections in HBV- or HCV-positive donors and patients was
significantly higher than in healthy blood donors (P<0.05),
except for the detection rate of HGV in HBsAg-positive donors
which was the same as for healthy donors. There was a
history of transfusion in 66.7 % of TTV DNA-positive patients
and 76.9 % of HGV RNA-positive patients (P<0.05). No
significant increase in serum ALT and AST was detected in
the TTV- or HGV-positive donors and patients.

CONCLUSION: TTV and HGV infections are more frequently
found in donors and patients infected with HBV or HCV than
in healthy blood donors. However, there is no significant
association between TTV or HGV infections and liver injury.

Jeon MJ, Shin JH, Suh SP, Lim YC, Ryang DW. TT virus and hepatitis
G virus infections in Korean blood donors and patients with chronic
liver disease. World J Gastroenterol  2003; 9(4): 741-744
http://www.wjgnet.com/1007-9327/9/741.htm

INTRODUCTION
A novel human DNA virus, TT virus (TTV), was first
discovered in the sera of three Japanese patients with post-
transfusion hepatitis in 1997[1]. TTV is a non-enveloped, single-
stranded virus related to the Circoviridae family[2, 3]. Hepatitis
G virus (HGV) is an enveloped RNA virus member of the
Flaviviridae family[4]. TTV and HGV infections in healthy
blood donors as well as in patients with liver disease have been
recently reported in many areas of the world[3-22]. However,
the role of these viruses in disease remains uncertain.
Information regarding TTV and HGV infections in the Korean
population is limited. Hepatitis B virus (HBV) and hepatitis C
virus (HCV) are the viral agents most readily implicated in
causing a liver disease in Korea[23, 24]. The aims of this study
were to determine the prevalence of TTV and HGV in Korean
blood donors and patients with type B or C chronic liver disease,
to investigate the association between blood transfusion and
TTV and HGV infections, and to assess the correlation between
TTV and HGV viremia and hepatic damage.

MATERIALS AND METHODS
Materials
A total of 291 blood samples, derived from 110 healthy donors,
112 hepatitis B surface antigen (HBsAg)-positive donors, and
69 anti-hepatitis C virus antibody (anti-HCV Ab)-positive
donors, were collected at the Kwangju-Chonnam Red Cross
Blood Center. A total of 100 blood samples were obtained
from 81 patients with type B chronic liver disease (46 chronic
hepatitis, 15 liver cirrhosis, and 20 hepatocellular carcinoma)
and 19 patients with type C chronic liver disease (10 chronic
hepatitis and 9 hepatocellular carcinoma) at the Chonnam
National University Hospital.

Serological and chemical studies
Blood samples were centrifuged and stored at -70  within
hours of collection. HBsAg and anti-HCV Ab were tested with
enzyme immunoassay (Axsym, Abbott Laboratories, USA).
Immunoblot assay (ProfiBlot IIN, SLT Lab Instruments,
Austria) was used to confirm anti-HCV. Serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
were also measured using an autoanalyzer (Hitachi 747,
Hitachi, Japan).

DNA extraction and TTV PCR
DNA was extracted from 250 µL of sera using a kit (DNAzol,
Molecular Research Center, USA) according to the
manufacturer’s guidelines. Nucleic acids were dissolved in 50
µL of NaOH (8 mM). A 7 µL volume was then removed and
used for amplification of TTV DNA. The PCR reaction was
performed in a volume of 50 µL containing 10 mM Tris-HCl
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(pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 200 µM dNTPs, 0.5
µM of NG059 (5’-ACAGACAGAGGAGAAGGCAACATG-
3’) as the sense pr imer ,  0 .5  µM of NG063 (5’-
CTGGCATTTTACCATTTCCAAAGTT-3’) as the antisense
primer, and 2 U of Taq polymerase to amplify a 286-bp product.
The second-round PCR was done under identical conditions,
except that the template was 5 µL product from the first-round
PCR, and the sense primer was 0.5 µM of NG061
(5’-GGCAACATGTTATG GATAGACTGG-3’). The size of
the second-round PCR product was 271 bp. Each PCR was
performed in a programmable thermal cycler (GeneAmp PCR
System 9 600, Perkin-Elmer Cetus, USA). The PCR program
consisted of 35 cycles of denaturation for 15 seconds at 95 ,
annealing for 30 seconds at 58 , and extension for 30 seconds
at 72 , followed by a final extension for 10 minutes at 72 .
The amplification products were separated by 2 % agarose gel
electrophoresis, stained with ethidium bromide, and
photographed under UV light.

Nucleotide sequencing
To ascertain the specificity of the PCR products, DNA
sequences of the amplified product were determined. The PCR
product was purified with a PCR purification kit (Boehringer
Mannheim, Mannheim, Germany). Nucleotide sequences of
the amplicon were directly determined using an AccuPower
DNA sequencing kit (Bioneer, Korea). The sequence homology
between the PCR products and published TTV DNA was
examined. Two randomly selected PCR products were
sequenced, both of which were positive for TTV DNA.
Sequence comparison with databases confirmed the specific
amplification of TTV genomic DNA.

RNA extraction and HGV RT-PCR
To detect HGV RNA in a sample, nucleic acids were isolated
from 250 µL of serum using Trizol LS Reagent (GIBCO, USA)
and a reverse-transcription PCR (RT-PCR) was performed. A
total of 35 cycles of PCR (94  for 30 seconds, 50  for 30
seconds, and 72  for 60 seconds for each cycle) were
completed in a programmable thermal cycler (GeneAmp PCR
System 9 600, Perkin-Elmer Cetus, USA). The size of the PCR
product was 234 bp. The amplification products were separated
by 2 % agarose gel electrophoresis, stained with ethidium
bromide, and photographed under UV light.

Transfusion history
To examine the association of TTV and HGV infections with
blood transfusion, previous transfusion history was investigated
in both patients with chronic liver disease and blood donors,
by examining their medical records or via telephone interviews.

Statistical analysis
Statistical analysis was conducted using the Chi-square test
and analysis of variance (ANOVA). Statistical significance was
set when P<0.05.

RESULTS

Prevalences of TTV DNA and HGV RNA
The prevalences of TTV and HGV infections in blood donors
and patients with chronic liver disease were shown in Table 1.
TTV DNA was detected in 8.2 % (9/110) of healthy blood
donors, 16.1 % (18/112) of HBsAg-positive donors, 20.3 %
(14/69) of anti-HCV-positive donors, 21.0 % (17/81) of patients
with type B chronic liver disease, and 21.1 % (4/19) of patients
with type C chronic liver disease. The TTV prevalence was
significantly higher both in HBsAg-positive or anti-HCV-
positive donors and in patients with chronic liver disease than

in healthy blood donors (P<0.05). HGV RNA was detected in
1.8 % (2/110) of healthy blood donors, 1.8 % (2/112) of
HBsAg-positive donors, 17.4 % (12/69) of anti-HCV-positive
donors, 13.6 % (11/81) of patients with type B chronic liver
disease, and 10.5 % (2/19) of patients with type C chronic liver
disease. The HGV prevalence was significantly lower in healthy
blood donors or HBsAg-positive donors than in patients with
chronic liver disease and anti-HCV-positive donors (P<0.05).
The detection rates for TTV or HGV were not significantly
different between the three types of chronic liver disease. The
TTV prevalence was about 4.6 times higher than the HGV
prevalence in healthy blood donors. Co-infection of TTV and
HGV was also observed in ten cases of HBV- or HCV-infected
patients and donors.

Table 1  The prevalence of TTV and HGV infections in blood
donors and patients with chronic liver disease from Korea

Subject    n           TTV (%)       HGV (%)    TTV & HGV (%)

Healthy blood donors  110   9 (8.2)          2 (1.8)    0 (0.0)
HBsAg(+) donors  112 18 (16.1)a       2 (1.8)    0 (0.0)
Anti-HCV(+) donors    69 14 (20.3)a     12 (17.4)b    3 (4.3)
Patients with type    81 17 (21.0)a     11 (13.6)b    6 (7.4)
B chronic liver disease
Chronic hepatitis      6 10(21.7)          5 (10.9)    3 (6.5)
Liver cirrhosis    15   3 (20.0)         3 (20.0)    2 (13.3)
Hepatocellular carcinoma    20   4(20.0)          3 (20.0)    1 (5.0)
Patients with type    19   4 (21.1)a        2 (10.5)b    1 (5.3)
C chronic liver disease
Chronic hepatitis    10   2 (20.0)         1 (10.0)    0 (0.0)
Hepatocellular carcinoma      9   2 (22.2)         1 (11.1)    1 (11.1)
Total  391 62 (15.9)       29 (7.4)    10 (2.6)

aP<0.05 vs healthy blood donors, bP<0.05 vs healthy blood do-
nors or HBsAg-positive donors.

Association of TTV and HGV infections with blood transfusion
To investigate the association of TTV and HGV infections
with blood transfusion, the medical records for the previous
transfusion history were reviewed in patients with chronic liver
disease. The rate of transfusion history was higher in TTV- or
HGV-positive patients than in TTV- or HGV-negative patients
(P<0.05) (Table 2).

Table 2  Transfusion history according to the detection of TTV
and HGV in patients with chronic liver disease

    Transfusion history
Group n

 Yes (%)   No (%)

TTV    Positive 21 14 (66.7)a   7 (33.3)

   Negative 77 33 (42.9) 44 (57.1)

HGV   Positive 13 10 (76.9)   3 (23.1)

   Negative 85 37 (43.5) 48 (56.5)

Total 98 47 (48.0) 51 (52.0)

aP<0.05 vs TTV-or HGV-negative patients.

Correlation between TTV or HGV viremia and hepatic damage
To evaluate the correlation between TTV or HGV infections
and hepatic damage, the serum levels of ALT and AST were
measured in all subjects (data not shown). No significant
increase in serum ALT and AST was observed in TTV- or
HGV-positive blood donors, compared with TTV- or HGV-
negative donors. In addition, TTV or HGV co-infection did



not elicit any further significant increase in ALT and AST levels
in patients with chronic liver disease. Furthermore, no increase
in ALT and AST was observed in HBV- or HCV-positive
patients or donors infected with both TTV and HGV. These
observations suggested that there is no significant association
between TTV or HGV infections and hepatic injury.

DISCUSSION
TTV was detected in 8.2 % of healthy blood donors from Korea.
The prevalence of TTV infection among blood donors in other
countries is 1.9 % in the United Kingdom[5], 3.2 % in Germany[6],
7.5-10 % in the United States[7, 8], 12 % in Japan[3], 29.4 % in
Egypt[9], 36 % in Thailand[10], and 62 % in Brazil[11]. These
differences in prevalence between countries could be due to
the different geographical distribution of TTV infections, and
the heterogeneity and variability of TTV isolates[3, 5]. Variation
could also arise due to different experimental methods to
determine TTV infection, such as the primers used, and the
sensitivity of the PCR methods employed[8, 25]. The primer used
in our study was identical to that used in the aforementioned
countries, suggesting that the discrepancies of TTV prevalence
between countries were not due to variation in the primer used.
The detection rate of HGV RNA in blood donors from many
other countries ranged from 0.5 to 7.4 %[19-22]. In healthy
Korean blood donors, the detection rate of HGV was 1.8 %,
and the prevalence of TTV was higher (about 4.6 times) than
that of HGV.
     We observed TTV and HGV co-infection in subjects with
HBV or HCV findings that had also been reported
elsewhere[12-18]. The co-infection rate of TTV in HBV- and
HCV-infected subjects was similar, a finding also reported by
others[10, 12]. However, there was some difference in the co-
infection rate of HGV between HBV and HCV. The prevalence
of HGV in HBsAg-positive donors was lower than in patients
with chronic liver disease and also anti-HCV-positive donors.
Giulivi et al. have reported similar findings[26]. The discrepancy
in the co-infection rate of HGV between HBV- and HCV-
positive donors may have clinical significance. With the
exception of HGV co-infection in HBV-positive donors, both
HBV- and HCV-infected subjects had a higher detection rate
of TTV or HGV than healthy donors. This suggested that HBV-
or HCV-infected subjects had a greater exposure to a risk factor
for viral infections. These viruses may also share a common
route of transmission.
     A total of 66.7 % of TTV DNA-positive patients and 76.9 %
of HGV RNA-positive patients had a history of blood
transfusion. This suggests the possibility of viral transmission
via blood transfusion. TTV and HGV are prevalent in the sera
of persons with hemophilia, intravenous drug users, and
hemodialysis patients[3, 8, 21, 27]. However, our results indicate
that TTV and HGV were observed in donors and patients
without a transfusion history, which suggests a non-parenteral
route of transmission. TTV and HGV have reportedly been
detected in urine, feces, and breast milk[6, 28, 29]. Thus, TTV and
HGV might be transmitted via several parenteral and non-
parenteral routes.
    No significant increase in ALT or AST was observed in
healthy donors or liver disease patients infected with either
TTV or HGV, compared to subjects without these viral
infections. Kao et al. reported that TTV infection does not
affect the disease process of type B or C hepatitis, or the
response to interferon treatment[15]. Oguchi et al. demonstrated
that a TTV carrier state was maintained without hepatitis in
hemodialysis patients over a 5-year follow-up period[30]. Alter
et al. showed that HGV infection was not associated with
hepatitis and did not worsen the course of concurrent HCV
infection[31]. Considering all these results, TTV or HGV

infection seems not to be related to the initiation or potentiation
of hepatic damage, which therefore suggests that the routine
screening test for TTV and HGV on donated blood is not
necessary. At present there also is no country that conducts
the screening test for these viral infections.
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Abstract
AIM: To evaluate the potential of laparoscopy in the
diagnosis of cirrhosis and outcome of interferon treatment
in HCV-infected patients.

METHODS: In this retrospective study, diagnostic laparoscopy
with laparoscopic liver biopsy was performed in 72 consecutive
patients with chronic HCV infection. The presence or absence
of cirrhosis was analyzed macroscopically by laparoscopy and
microscopically by liver biopsy specimens. Clinical and
laboratory data and outcome of interferon-alfa treatment
were compared between cirrhotic and noncirrhotic patients.

RESULTS: Laparoscopically, cirrhosis was seen in 29.2 %
(21/72) and non-cirrhosis in 70.8 % (51/72) of patients.
Cirrhotic patients were significantly older with a significant
longer duration of HCV infection than noncirrhotic patients.
Laboratory parameters (AST, y-GT, y-globulin fraction) were
measured significantly higher as well as significantly lower
(prothrombin index, platelet count) in cirrhotic patients than
in non-cirrhotic patients. Histologically, cirrhosis was confirmed
in 11.1 % (8/72) and non cirrhosis in 88.9 % (64/72). Patients
with macroscopically confirmed cirrhosis (n=21) showed
histologically cirrhosis in 38.1 % (8/21) and histologically non-
cirrhosis in 61.9 % (13/21). In contrast, patients with
macroscopically non-cirrhosis (n=51) showed histologically
non cirrhosis in all cases (51/51). Thirty-nine of 72 patients
were treated with interferon-alfa, resulting in 35.9 % (14/39)
patients with sustained response and 64.1 % (25/39) with
non response. Non-responders showed significantly more
macroscopically cirrhosis than sustained responders. In
contrast, there were no significant histological differences
between non-responders and sustained responders.

CONCLUSION: Diagnostic laparoscopy is more accurate
than liver biopsy in recognizing cirrhosis in patients with
chronic HCV infection.Liver biopsy is the best way to assess
inflammatory grade and fibrotic stage. The invasive marker for
staging, prognosis and management, and treatment outcome
of chronic HCV-infected patients need further research and
clinical trials. Laparoscopy should be performed for recognition
of cirrhosis if this parameter is found to be of prognostic and
therapeutic relevance in patients with chronic HCV infection.

Wietzke-Braun P, Braun F, Schott P, Ramadori G. Is laparoscopy
an advantage in the diagnosis of cirrhosis in chronic hepatitis C
virus infection? World J Gastroenterol  2003; 9(4): 745-750
http://www.wjgnet.com/1007-9327/9/745.htm

INTRODUCTION
Hepatitis C virus (HCV) infection is the leading cause of chronic
liver disease. Up to 85 % of HCV-infected patients develop
chronic liver disease without elimination of the virus[1-3].
Chronic HCV infected patients develop cirrhosis in 7 % and
20 % after 20 and 40 years of infection[4], while symptoms and
alarming biochemical markers appear late[5,6]. Patients with
cirrhosis secondary to chronic HCV infection also have an
increased risks for development of hepatocellular carcinoma
(HCC), estimated to be between 1-4 % per year[7].
     The diagnostic spectrum for chronic hepatitis C includes
biochemical parameters, antibodies against HCV, qualitative
and quantitative HCV RNA with genotyping, abdominal
ultrasound and liver histology. Random core biopsy analysis
can reveal information about the inflammatory grade and
fibrotic stage of chronic HCV infection[8]. Diagnosis of
compensated liver cirrhosis can be made with a high accuracy
neither by percutaneous liver biopsy nor by ultrasound[9]. In
comparison with percutaneous liver biopsy, laparoscopy allows
macroscopic inspection of both liver lobes that might variate
during progression of liver disease[10]. Percutaneous liver biopsy
only allows the interpretation of a small biopsy. It has been
reported that histological analysis fail with error ranges above
25 % in the diagnosis of cirrhosis in chronic liver disease[11,12],
especially during the early phase of cirrhosis (Child A) and
macronodular cirrhosis[13]. In a retrospective study, Poniachik
et al. compared the presence of cirrhosis in 434 patients by liver
biopsy and laparoscopy. Cirrhosis was seen laparoscopically in
169 patients and was confirmed in 115 patients histologically.
In contrast, only 2 of 265 histologically confirmed cirrhotic
livers were macroscopically without cirrhosis[14]. Ultrasound
guided liver biopsy can result in a false negative histology due
to the puncture of a regenerative nodule[15]. Cardi et al. showed
superiority of laparoscopy over ultrasonography in diagnosis
of widespread liver diseases[16]. Oberti et al. reported that only
prothrombin index and serum hyalorunate were sensitive
parameters for screening cirrhosis[17]. Early cirrhosis may often
be missed due to clinical inappearance especially in patients
with chronic HCV infection and accurate noninvasive markers
of disease activity and fibrosis are not available[18]. The absence
of early cirrhosis in chronic HCV infected patients might be a
potential field for diagnostic laparoscopy that is not performed
routinely and patients with early cirrhosis can be enrolled in
the screening programs for HCC, too.
    In the treatment of chronic HCV infection has proved
beneficial interferon-alfa in the last two decades[19-23]. Old age,
high level of viraemia, HCV genotype II (1b), long duration
of disease, high levels of hepatic iron store, especially the
advanced liver damage represented by dimension of fibrosis
were considered to be negative predictive factors in the
outcome of interferon treatment[22,24-34]. Two studies focused
exclusively on interferon treatment in patients with HCV
related cirrhosis[35,36]. After introduction of pegylated interferon
given only once a week, HCV-infected patients with cirrhosis
or bridging fibrosis were treated in a clinical trial[37]. These
data implicated that HCV infected patients with liver cirrhosis
need different therapeutic schedules with longer duration and
higher dose of interferon.



746                   ISSN 1007-9327          CN 14-1219/ R         World J Gastroenterol    April 15, 2003   Volume 9   Number 4

     Since cirrhosis is a negative predictor for antiviral therapy
in chronic HCV-infected patients and liver histology might
underestimate the frequency of cirrhosis, the aim of this
retrospective study was to evaluate the potential of laparoscopy
in the diagnosis of cirrhosis and outcome of interferon treatment
in this particular group of patients.

MATERIALS AND METHODS

Patients
Laparoscopy and laparoscopic liver biopsy were performed in
72 chronic HCV-infected patients. Diagnosis of chronic HCV
infection was based on elevated liver enzymes for at least 6
months, detection of anti-HCV antibodies in ELISA (2nd
generation) and HCV RNA by RT/PCR. Patients with active
viral coinfections (HBV, HIV, CMV, EBV), evidence for
autoimmune hepatitis with positive serologic constellation of
specific autoantibodies (ANA, AMA, anti-SLA, SMA, anti-
LKM), alcohol and/or i.v. drug abusers and patients with signs
of liver cirrhosis and/or hepatic decompensation (e.g. ascites,
gastrointestinal bleeding, etc.) were excluded. Each patient was
asked to sign a written informing consent for diagnostic
laparoscopy and liver biospy.

Biochemical and serological analysis
Serum levels of ALT, AST, γ-GT, AP and CHE, as well as
concentrations of serum bilirubin, prothrombin index, γ-
globuline fraction and platelet count were measured by
established routine methods before laparoscopy, during and after
interferon treatment. Anti-HCV antibodies were analyzed using
an ELISA (2nd generation, Ortho Diagnostic Systems, Raritan,
NJ, USA) according to the instructions of the manufacturer.

Detection of HCV RNA and determination of HCV genotypes
According to Okamoto et al. and Simmonds et al.[38,39]

determination of serum HCV RNA by a nested RT/PCR
technique and determination of genotypes by a restriction
enzyme analysis were carried out as described previously[40].

Laparoscopy
Abdominal ultrasound, electrocardiogram and, in patients older
than 60 years, a chest X-ray were performed before laparoscopy.
The evening before laparoscopy, each patient received 75 mg
promethazin orally. Two hours before examination, 50 mg
promethazin and 30 minutes before exploration 50 mg pethidin
and 0.5 mg atropine were injected intramascularly. If necessary,
patients received sedativa or analgetics during the laparoscopic
intervention. During laparoscopy, each patient was given
continuously an isotonic electrolyte solution intravenously.
Patients were monitored by pulsoxymetry. After local anesthesia,
the pneumoperitoneum was installed by puncturing at Monros’
point with the Verres needle followed by insufflation of 2-3 L
nitrous oxide. After insertion of the laparoscope in a trocar with
a safety shield at Kalks’ point, macroscopic exploration of liver,
spleen and peritoneum followed. Liver biopsies were taken
generally from an area on the anterior surface of the left lobe of
the liver or of macroscopic suspect areas using a Menghini
needle, at least 2 cm from the liver edge, containing at least five
portal areas. Macroscopic diagnosis of cirrhosis was made based
on the following criteria: (1) diffuse nodules on the liver surface,
or (2) shallow nodules (i.e., nodules usually of large diameter,
slightly protruding from the liver surface) if the liver was hard
on palpation and rigid on lifting with a blunt probe and if clearcut
features of portal hypertension were observed[41,42].

Histopathological evaluation
Formalin-fixed and paraffin-embedded liver biopsies were

stained with hematoxylin-eosin, trichrome and by applying
the Prussian blue reaction as described previously[43]. One
pathologist examined samples unblindedly. A modified
“Histology Activity Index” (HAI) on the basis of reported
staging scores served to assess the stage of fibrosis[44-46]. Absent
portal fibrosis was staged as fibrosis score I (HAIb=0, no
fibrosis), mild to moderate fibrosis as stage II (HAIb=1, fibrotic
portal expansion), marked fibrosis as stage III (HAIb=3,
bridging fibrosis) and complete fibrosis as cirrhosis (HAIb=4).

Interferon treatment
Patients received recombinant interferon-alfa 2a (Roferon A,
Hoffmann-La Roche, Basel, Switzerland) for initial treatment
of chronic HCV infection. In our retrospective study, a dose
of 6 MU three times a week was administered for 12 months
according to Chemello et al[47]. Patients were classified as
sustained responders if serum transaminases normalized
(biochemical response) and serum HCV RNA became
undetectable (virological response) during the treatment and
at 6 months after the end of treatment (follow-up). During the
follow-up, the re-emergence of both parameters after the end
of treatment was defined as relapse. Patients with no
improvement of biochemical or virological parameters within
the first 3 months of treatment were classified as non-
responders and treatment was stopped. For statistical analysis
patients with relapse and non-response were classified as non-
responders and compared with sustained responders. Patients
who finished their course of treatment and 6 months of follow-
up after the end of treatment were analysed.

Statistical analysis
Significant levels of differences between values were analyzed
using the Chi-square test, Mann-Whitney test and student’s t-
test as indicated.

RESULTS
Mean (M±SD) age of the 72 patients (49 % female, 51 % male)
with chronic HCV infection was 46.8±12.1 years with a range
of 27-72 years. Route and date of HCV infection were identified
in 44 patients. The duration of HCV infection was 15.4±9.7 years
and route of viral transmission was blood transfusion in 23 %,
intravenous drug abuse in 18 % and anti-D prophylaxis in 3 %.
      Laparoscopy found no severe complications. Liver biopsy
caused mild bleeding in 6 (8 %) patients which was controlled
during laparoscopy by local compression. None of the patients
required blood transfusion. One patient developed a mesenteric
emphysema after insufflation of nitrous oxide.
     Cirrhosis was found by laparoscopy in 21/72 (29.2 %)
patients and by histology in 8/72 (11.1 %) patients. According
to HAI, patients with macroscopic cirrhosis by laparoscopy
(n=21) showed histologically fibrosis stage I in 14.3 % (3/21),
fibrosis stage II in 19 % (4/21), fibrosis stage III in 28.6 %
(6/21) and cirrhosis in 38,1 % (8/21) (Table 1). Therefore 13/21
(61.9 %) macroscopic cirrhosis was not identified histologically.
No cirrhosis was detected by laparoscopy in 51/72 (70.8 %)
patients. According to HAI, patients without macroscopic
cirrhosis (n=51) showed histologically fibrosis stage I in 58.8 %
(30/51), fibrosis stage II in 31.4 % (16/51), fibrosis stage III in
9.8 % (5/51) and cirrhosis in 0 (0/51).
     For statistical analysis, patients were divided into two
groups. Group A represented patients with macroscopic
cirrhosis (n=21) and group B patients without macroscopic
cirrhosis (n=51) diagnosed by laparoscopic criteria. The mean
(M±SD) age of patients in group A was 56.4±9.4 years, being
significantly higher than in group B aged 41.7±11.2 years
(P<0.02). There were 10 men and 11 women in group A and
27 men and 24 women in group B (n.s.). Mean (M±SD)



duration of chronic HCV infection in 44 patients of group A
was 23.2±8.3 years, being significantly longer than in patients
without macroscopic cirrhosis (group B) aged 10.4±5.7 years
(P<0.02) (Table 2). In blood chemistry, patients of group A
had significantly higher AST, γ-GT and γ-globulin fraction in
serum electrophoresis as well as significant lower prothrombin
index and platelet count than patients of group B. No significant
differences were found for ALT, AP, bilirubin and cholinesterasis
in both groups (Table 3). According to the Child-Pugh-Turcotte
classification, 18 of the 21 patients with macroscopic cirrhosis
were classified as Child A, 3 Child B and none Child C. In
comparison of histological cirrhosis (8/21) and histologic non
cirrhosis (13/21) of group A with macroscopic cirrhosis (n=21),
significant differences were only found in AST and y-GT
(Table 4). Differences were not significant in prothrombin
index, y-globuline fraction and platelet count between cirrhosis
(8/21) and histologic non-cirrhosis (13/21) of group A with
macroscopic cirrhosis (n=21) (Table 4).

Table 1  Outcome of macroscopic laparoscopic exploration and
histological analysis in 72 patients with chronic HCV infection

Laparoscopy
Histology (fibrosis
stage score)

Patients without signs     Patients with signs
    of cirrhosis (n=51)     of cirrhosis (n=21)

Fibrosis  I     30       3
Fibrosis II     16       4
Fibrosis III       5       6
Cirrhosis       0       8

Absent portal fibrosis was judged as fibrosis score I (HAIb=0,
no fibrosis), mild to moderate fibrosis as stage II (HAIb=1, fibros
portal expansion), marked fibrosis as stage III (HAIb=3, bridg-
ing fibrosis), and complete fibrosis as cirrhosis (HAIb=4).

Table 2  Demographic and clinical data of patients with and
without laparoscopically diagnosed cirrhosis

          Laparoscopy
 P

   Patients with signs     Patients without signs
   of Cirrhosis (n=21)   of Cirrhosis (n=51)

Age  (years)           56.36±9.42          41.7±11.2           <0.02a

Duration of disease      23.2±8.3          10.4±5.68           <0.02a

(years) (n=44)
Sex ratio (m/f)               10/11             27/24 ns

aStudent’s t-test (unpaired); ns=not significant, years were
showed as mean ± standard deviation. Duration of disease
could be evaluated in 44 cases by patients’ history.

Table 3  Laboratory data of patients with and without laparoscopic
macroscopic evidence of cirrhosis

Laparoscopy
Laboratory data     P

     Patients with evidence    Patients without evidence
       of cirrhosis (n=21)      of cirrhosis (n=51)

AST (U/l)                 59.7±54.2          29.3±19.6              < 0.02
ALT (U/l)                 82.5±70.3          72.6±47.2   ns
γ-GT (U/l)                 72.6±78.4          34.1±38.2              < 0.02
AP (U/l)               129.8±48.9        137.5±49.6   ns
Bilirubin (mg/dl)                   1.1±0.93          1.86±6.23   ns
CHE (U/l)                5114±1331         5910±1001   ns
Prothrombin index (%)   93.8±12.6        102.2±6.3               <0.02
γ-globuline fraction (%)   19.9±6.5          13.7±2.9               <0.02
Platelet count (cell/µl)     172 940±65068    253 230±57096               <0.02

All data were showed as mean ± standard deviation. Statisti-
cal analysis was performed by applying Mann-Whitney test.
ns=not significant.

Table 4  Comparing laboratory data of patients with macro-
scopic laparoscopic signs of cirrhosis

Histological analysis
Laboratory data    P

No cirrhosis (n=13)     Cirrhosis (n=8)

AST (U/l)         35.9±24.9 87.7±67.8          <0.02
ALT (U/l)         64.9±72.2 97.0±66.34   ns
γ-GT (U/l)       51.64±39.78             103.0±104.6        <0.02
AP (U/l)       126.3±54.6             144.6±39.6   ns
Bilirubin (mg/dl)         0.36±0.5   1.4±3.438   ns
CHE (U/l)        5129±1861              4685±1773   ns
Prothrombin index (%)         95.8±10.6 90.7±14.3   ns
γ-globuline fraction (%)         16.3±3.2 19.6±10.6   ns
Platelet count (cells/µl)   180 700±56 240       167 000±77 110   ns

All data were showed as mean ± standard deviation, statisti-
cal analysis were performed by Mann-Whitney test. ns=not
significant.

     Thirty-nine patients were treated with interferon-alfa 2a and
followed up for 6 months after the end of treatment. HCV
genotyping was performed in all 39 patients before start of
therapy. HCV genotype II (1b) was the predominat genotype.
The HCV genotypes of the 39 patients were 23 II (1b), 5 I (1a),
3 IV (2b), 5 V (3a) and 3 I (1a) combined with II (1b). Patients
with macroscopic cirrhosis showed no significant difference of
genotype distribution as compared with patients without
cirrhosis. Interferon treatment resulted in 14/39 (35.9 %)
sustained responders and 25/39 (64.1 %) non-responders
including 2 relapsers. According to HCV genotype distribution,
a significant higher rate of genotype II (1b) was observed in
non-responders than sustained responders (P<0.02). Non-
responders had a higher rate of macroscopic cirrhosis than
sustained responders (P<0.02) (Table 5).

Table 5  Comparisons in pretreatment parameters between
patients with sustained response and patients with non-re-
sponse to interferon treatment (n=39)

         Sustained-responders    Non-responders   P

Number (%)      14 (35.9 %) 25 (64.1 %)
Age (years)       50.6±13.9   47.2±10.6  ns
Genotype 1b ( %)       5 (35.7 %)   18 (72 %)       <0.02a

Fibrosis staging score (%)
I      7 (50.0 %)   9 (36.0 %)
II      3 (21.4 %)   8 (32.0 %)
III      3 (21.4 %)   3 (12.0 %)
Cirrhosis      1  ( 7.0 %)   5 (20.0 %)  ns

Laparoscopic evidence      2 (14.2 %)   9 (36.0 %)       <0.02a

of cirrhosis (%)

Data of age were showed as mean ± standard deviation; aChi-
square test, ns=not significant.

DISCUSSION
Diagnostic laparoscopy is recommended in the diagnosis of
peritoneal diseases, evaluation of ascites of unknown origin,
staging of abdominal cancer and chronic and focal liver
disease[48]. Laparoscopy is commonly not performed for the
diagnosis of cirrhosis in patients with chronic HCV. The
availability of percutaneous liver biospy guided by ultrasound,
CT- or MRI-scan offers selected biopsy of an suspicious area
in the liver. The rate of laparoscopic liver biopsies in
gastroenterology declined and also the number of training
programs for this procedure[49]. However, all imaging
procedures do not allow a direct viewing of the liver. The direct
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visual inspection of the liver and the abdomen is the privilege
of laparoscopy.
      In this study, more chronic HCV infected patients had been
diagnosed of cirrhosis macroscopically by laparoscopic
inspection of the liver than histologically by using the Menghini
needle for laparoscopic liver biopsy. All patients with
histological cirrhosis also had cirrhosis macroscopically, but
13/21 patients with macroscopic cirrhosis had no cirrhosis
histologically. This discrepancy implicates an underestimation
of cirrhosis in chronic HCV-infected patients, if diagnosis of
cirrhosis is based only on liver biopsy using the Menghini
needle. Poniachik et al. investigated the role of laparoscopy
and laparoscopic liver biopsy in the diagnosis of cirrhosis in
434 patients with chronic liver disease including 169 patients
with laparoscopic evidence of cirrhosis. The histological
sampling error was 32 % among patients documented to have
cirrhosis by laparoscopy[14]. The selection of a suction or cutting
needle for liver biopsy has a major impact at the stage of cirrhosis.
The use of a cutting needle like Vim-Silverman or Tru-Cut is
reported to give a more representive histology than suction
needles like Menghini, Klatskin or Jamshidi, because fibrotic
tissue tends to fragment with the use of suction needle[49,50]. In
a randomized study on 1192 patients with diffuse liver disease,
Colombo et al investigated percutaneous liver biopsies
comparing the Tru-Cut and the Menghini needle. For diagnosing
cirrhosis accuracy of the Tru-Cut needle is significantly better
(89.5 %) than the Menghini needle (65.5 %). Complication
rates were very low with both needles[51].
    Comparing laparoscopy and laparoscopic biopsy for
diagnosis of cirrhosis, laparoscopic diagnosis of macroscopic
cirrhosis was of higher value than histological diagnosis of
microscopic cirrhosis regarding blood chemistry and the
response to interferon therapy. The rate of non-response to
interferon therapy was 64.1 % in our study. Significant
parameters for non-response were genotype II (1b) and
laparoscopic evidence of cirrhosis, but not histological
diagnosis of cirrhosis. Nowadays, new therapeutic regimes
have replaced interferon monotherapy. The combination of
interferon-alfa with ribavirin improved sustained response rate
for chronic HCV-infected patients[52] and for relapsers and non-
responders after initially interferon monotherapy[53-55].
Increased efficacy was shown with pegylated interferon as
compared with standard interferons in cirrhotic and
noncirrhotic patients with chronic hepatitis C[37,56,57] and
currently standard therapy is pegylated interferon in
combination with ribavirin[8]. In this treatment situation, the
role of liver biopsy has increasingly been discussed[58]. If
patients with positive predictors of virological response, such
as low viral load and infection with genotype 2 or 3, can be
treated and have very high chances of response, a biopsy that
reveals mild histologic changes may do little to dissuade the
clinician and patients from immediate treatment[8]. Liver biopsy
may become recommended only in those patients whose
pretreatment characteristics predict the lowest success rate[8].
Paired liver biopsy specimens enable staging of inflammation
and fibrosis before and after treatment to define histological
response in those patients. Compaired with our data, the rate
of cirrhosis before treatment will be underestimated without
performing laparoscopy in those patients. Both procedures,
liver biopsy and laparoscopy, are invasive, but accurate
noninvasive markers for staging disease activity, fibrosis and
cirrhosis are not available[18]. Our rate of complications related
to laparoscopy and laparoscopic liver biopsy was 10 % and no
severe complication was observed. These data are in
accordance with other reports[11,42,59-62]. The rate of severe
complications using blind percutaneous liver biopsy is reported
to be 0.3-1.5 % and is almost comparable with laparoscopic
liver biopsy[41,63-67]. Diagnostic laparoscopy and laparoscopic

liver biopsy are a safe and invasive procedure in patients with
compensated liver disease. Minilaparoscopy has increasingly
emerged as a less invasive diagnostic method in this field[68].
     Based on our data, diagnostic laparoscopy is indicated for
recognition of early cirrhosis in patients with chronic HCV
infection. In fact, as early diagnosis of cirrhosis affects
management of chronic HCV infected patients, it should be
the key factor in the decision-making process.
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Abstract
AIM: To study the level of membrane interleukin-2 receptor
(mIL-2R) on surface of peripheral blood mononuclear cells
(PBMC) and the therapeutic efficacy of alpha 2b interferon
on the treatment of HCV-RNA in PBMC of patients with
chronic hepatitis C and to compare the negative rates of
HCV-RNA in PBMC, HCV-RNA and anti-HCV in serum.

METHODS: Before and after treatment of alpha 2b
interferon, the level of mIL-2R of patients with chronic
hepatitis C was detected by biotin-streptavidin (BSA). The
therapeutic group (26 cases) was treated with alpha 2b
interferon (3 MU/d) and control therapeutic group (22 cases)
was treated with routine drugs (VitC, aspartic acid). The
total course of treatment with alpha 2b interferon and routine
drug was six months and per course of the treatment was
three months. The levels of HCV-RNA in PBMC, HCV-RNA
and anti-HCV in serum were detected before and after a
course of the treatment.

RESULTS: Before and after treatment of alpha 2b
interferon and routine drugs, the levels of mIL-2R in silence
stage were (3.44±0.77) % and (2.95±0.72) %, the levels
of mIL-2R in inducement stage were (33.62±3.95) % and
(30.04±3.73) %. There was a significant difference between
two groups (P<0.01-P<0.05). After treatment of alpha 2b
interferon with 3 MU/d for two courses of the treatment,
the total negative rates of HCV-RNA in the PBMC and HCV-
RNA, anti-HCV in serum were 42.31 % (11/26), 57.69 %
(15/26), 65.38 %(17/26) respectively. After the treatment
of routine drug, the negative rates of HCV-RNA in PBMC
and HCV-RNA, anti-HCV in serum were 13.64 % (3/22),
22.73 % (5/22), 27.27 % (6/22) respectively. There was
high significant difference in the group treated with alpha
2b interferon and the group treated with routine drugs
(P<0.01-P<0.05).

CONCLUSION: The mIL-2R can be induced by alpha 2b
interferon during the treatment. The alpha 2b interferon
has a definite effect on the treatment of HCV-RNA in PBMC.

The curative effect of alpha 2b interferon is better than that
of the routine drugs.

Wang J, Xiang GJ, Liu BX. Effect of alpha 2b interferon on
inducement of mIL-2R and treatment of HCV in PBMC from
patients with chronic viral hepatitis C. World J Gastroenterol
2003; 9(4): 751-754
http://www.wjgnet.com/1007-9327/9/751.htm

INTRODUCTION
Treatment of interferon on the chronic viral hepatitis C has
been shown to have a good curative effect on inhibition of
HCV replication, reduction in transmission level in serum and
liver cells[1-8], but the improvement in clinical condition was
not obvious and its effective rate was only 50 %[9-17]. The
curative effect of interferon was based on virostatic replication
of HCV in serum and some improvement of liver function.
The literatures show that the peripheral blood mononuclear
cells (PBMC) have large different active immune cells and
membrane interleukin-2 receptor (mIL-2R) is an important
symbol of active T cells, and the immune function of PBMC
will be inhibited after being infected by HCV and the
scavenging effect limited[18,19]. In order to study the effect of
interferon on treatment of HCV in PBMC and the effect of
interferon on inducement to mIL-2R, forty-eight patients with
typical chronic hepatitis C were observed.

MATERIALS AND METHODS
Clinical data
Forty-eight patients with chronic viral hepatitis C were selected
from the Second Miner Hospital of Huainan and our teaching
hospital during 1997/03-2000/05. The total number of patients
was 48 (male 27, female 21) and range of age was from 18 to
57 years old (average 37.3). The clinical diagnosis was based
on the modified diagnosis criterion being affirmed on the
Chinese viral hepatitis conference in Xian (2000). The patients
all needed the following qualifications: (1) The positivity of
anti-HCV in serum for more than six months. (2) The HCV-
RNA in peripheral blood mononuclear cells and serum were
positive. (3) The patients had been eliminated the infection of
hepatitis A, B, D, E and G viruses. (4) There were no any
systemic treatment of antiviral medicine, immunomodulator,
cortical hormone for the patients. The normal control was 20
healthy students (male 12, female 8) with range age from 20
to 23 years old (average 22.5).

Treatment medicine
The alpha 2b interferon was produced by High Science and
Technology of Anke Biology in Anhui Province.

Treatment methods
The patients with chronic hepatitis C were divided into two
groups with treatment of alpha 2b interferon 3MU (26 cases)
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and routine medicine (22 cases) respectively. The total course
of treatment lasted sixty months, and per course was three
months. Alpha 2b interferon was given intramuscularly
injection (im) qd for two weeks and then alt dieb for two courses
of treatment. The routine treatment group (22 cases) was given
with Vit C, Aspactic acid, etc for six months.

Reagents
The diagnostic reagent of anti-HCV was purchased from
Huamei Bioengineering Company of Shanghai, No:980811.
The diagnostic reagent of HCV-RNA with RT-PCR was
purchased from Shanghai Zhongya Gene Institute, No: 980805.
The diagnostic reagent of mIL-2R was purchased from
Immunology Institute of Shanghai. The lymphocytes
separation medium was purchased from the Second Reagent
Factory of Shanghai, No:970505. The reagent of PRMI 1640
culture was produced by Sigma (USA).

Instruments
The analysis instrument of Spector-I was made in USA; MDF-
135 CO2 incubator was made in Japan; The instrument for gene
amplification (Hema-8000) was made in Hema Company of
China.

Methods
The total volume of 5 ml peripheral venous blood from patients
with hepatitis C before breakfast was taken before and after
treatment, and distributed a sterile Eppendorf tube and an
anticoagulant tube (heparin) respectively. For detection of anti-
HCV, the process was performed strictly according to the
direction, and with two blank, two negative and two positive
pores as controls in each test. The average titer was examined
by the analyser Spector-I. The average OD titer of test sample

2.1 times of average OD titer in negative control was
considered to be positive. Detection of HCV-RNA in PBMC
with RT-nested-PCR: After the heparin anticoagulant blood
mixed with the equal volume Hank’s liquid without Ca2+ and
Mg2+, lymphocytes separation medium was used to separate
the PBMC. The cells were washed twice with Hank’s liquid
without Ca2+, Mg2+ and diluted to (1-3)×106/ml before detection
of HCV-RNA. A positive and a negative control were set up
at the same time for comparison in each test. The RT-nested-
PCR was made by reverse transcription and primer selected
from non-coded region and part of C region of HCV. The
specific amplificated fragment length was 248 bp. The
synthesis parameters for cDNA were 94  40 s, 55  40 s,
72  1 min, for 30 circles. The amplification parameters for
cDNA were 94  50 s, 55  40 s and 72  90 s, 35 circles,
including initial denaturation for 4 min at 94  and last
extension for 5 min at 72 . The amplification product was
run for electrophoresis on gel with 2 % EB. The result that
was uniform to the positive control was considered to be
positive. The detection of mIL-2R in silence and inducement
stages: 10 µl suspension of the PBMC was smeared on the
slide and left dry naturally and fixed with acetone for fifteen
minutes or twenty minutes. The 10 µl anti-Tac antibody was
mixed with the membrane of smears. The cells were grown in
continuous culture (37 , 50 ml·L-1 CO2 in atmosphere) for
thirty minutes. The immune sheet glass pores were measured
after staining with the color-developing agent and several
washings with Tris Buffer Solution (TBS). Of the PBMC
suspension, 0.5 ml was mixed with RPMI 1640 culture liquid,
which had PHA 200 mg·L-1. The cells were grown in continuous
culture (37 ,50 ml·L-1 CO2 in atmosphere) 72 h and its mIL-
2R induced by PHA could be measured by the antibodies
against membrane of T cells. The Tac with biotin and SA-
HRP were smeared on different sheet glasses. The immune

sheet glass pores were measured after staining with the color-
developing agent and several washings with TBS. The total
number of 200 PBMC was counted and its positive cells were
statistically analyzed with the help of high power lens. The
positive criterion was that the color of cytoplasm or cell
membrane was brown.

Statistical analysis
Statistical analysis included analysis of Chi-square (χ2) and t
test.

RESULTS
The forty-eight patients with chronic hepatitis C were divided
into two groups and treated with alpha 2b interferon (26 cases)
and routine drugs (22 cases) respectively. The results had been
shown that the high negative rates of anti-HCV and HCV-
RNA in serum were in the group with treatment of alpha 2b
interferon. There was very significant difference before and
after treatment of alpha 2b interferon (P<0.01-P<0.05, Table
1). The negative rate of HCV-RNA between in PBMC and in
serum was similar (P>0.05, Table 2). The level of mIL-2R in
situation of silence and inducement stages after treatment with
alpha 2b interferon was higher than that after treatment with
routine drugs (P<0.05, Table 3).

Table 1  The detective results of HCV-RNA in serum and PBMC
after treatment with alpha 2b interferon (n, %)

                HCV-RNA in PBMC   HCV-RNA in serum         Anti-HCV
Group             n

Negative    Negative      Negative   Negative    Negative   Negative
        rate            rate                 rate

Interferon      26           11       42.31a           15            57.69 a            17            65.38b

treatment
Routin       22             3              13.64              5            22.73               6             27.27
treatment

aP<0.05, bP<0.01 vs interferon treatment.

Table 2  The results of negative rate of HCV-RNA in serum
and PBMC

HCV-RNA in PBMC
HCV-RNA in serum Total   χ2   P

  +   -

+   7   4    11

-   8   7    15 0.75        >0.05

Total 15 11    26

Table 3  The level of mIL-2R before and after treatment of in-
terferon (n, x±s, %)

   mIL-2R (in silence)  mIL-2R (inducement)
Group      n

   Before            After    Before             After
treatment       treatment treatment       treatment

Interferon treatment    26 2.63±0.70       3.44±0.77bcd     30.34±3.55   33.62±3.95cd

Routin treatment      22 2.43±0.78       2.95±0.72ad      30.07±3.87   30.04±3.73d

Normal control      20             4.54±1.48           37.42±4.10

aP<0.05, bP<0.01 vs before and after treatment, cP<0.05, dP<0.01
vs interferon treatment.

DISCUSSION
There are three kinds of interferon, α, β, γ. Interferon alpha is
the most active one. Alpha 2b interferon can not enter into the
host cells and kill the virus directly, but can induce the
production of protein kinase (2’, 5’AS) in the infected cells.



The protein kinase and 2’, 5’AS can be produced after being
infected by virus in cells. The degradation of virus-RNA can
be made by endogenous ednonuclease induced with activated
2’, 5’AS so that the necessary enzyme activity for synthesis of
ribose is killed, the synthetic protein of virus can be decreased,
the growth of hepatitis virus C is inhibited[20-30].
     The reports have been shown that interferon has definite
curative effect of the treatment of chronic hepatitis C and
elimination of HCV-RNA, anti-HCV in serum. Therefore,
HCV-RNA is an important index to evaluate condition of the
patient’s[4]. HCV-RNA in PBMC is a direct evidence of the
existence of extrahepatic or latent infection, and is one of
important reasons causing the chronicity of viral hepatitis
C[28-31]. The results of Table 1 had shown that the rate of change
HCV-RNA into negative in PBMC and serum after treatment of
alpha 2b interferon was similar between two groups (P>0.05).
The curative effect was higher in the treatment group with
alpha 2b interferon than that with routine treatment (P<0.05-
P<0.01). This result had showed that the inducing capability
of alpha 2b interferon in lymphocytes of the patients was strong,
and the high effect against HCV would be taken by activated
lymphocytes obviously. Although the negative rate of HCV-
RNA in PBMC was lower than that in serum, there was no
significant difference (P>0.05). The results had shown that
alpha 2b interferon had high effect on HCV-RNA both in
PBMC and in serum. There were four cases of chronic hepatitis
C with negative in serum and positive in PBMC. It indicated
that with the T lymphocytes activation, multiple cell factors
were released, that inhibited the replication of free HCV-RNA
in serum, but not the HCV-RNA in PBMC. The cellular
immune function was disorder in different extent in patients
with chronic hepatitis C and so was their response to interferon
and anti-HCV[32-37]. Otherwise, the low level of membrane
interleukin-2 receptor (mIL-2R) on the surface of PBMC
decreased the activity in chronic hepatitis C, which limited the
inducement of protein kinase and the activity of 2’, 5’ AS to
eliminate HCV-RNA[38].
     Anti-HCV is an important index for the diagnosis of HCV
and is one of the evidences for evaluating the curative effect
on the treatment of hepatitis C. The anti-HCV diagnostic kits
of the second generation were used in our laboratory testing
for core antigen, NS3, NS4 and had high specificity and
sensitivity[39,40]. The rate of negative change of HCV-RNA was
higher in alpha 2b interferon treatment group than that in
routine treatment group (P<0.01). Among the twenty-six cases,
there were six cases with anti-HCV(-) in serum and HCV-RNA
(+) in PBMC, two cases with anti-HCV(-) in serum and HCV-
RNA(+) in serum. This result showed that even the anti-HCV
in serum became negative, HCV-RNA not stopping replication
completely, some HCV-RNA could still be detected in some
patients[6]. The probable reasons were: (1) After being treatment
of alpha 2b interferon, the level of anti-HCV in serum decreased
obviously and could not be detected by routine test. (2) The
degree of variation of HCV is high, the hydrophilic peptid
chain on core protein is subjective to escape the attack of CTL
and keep the infection persist in chronic state. (3) The variant
antigen of HCV can not match the antibody produced.
      mIL-2R is an important symbol of active T cells and plays
key role on biologic effect of IL-2 and its level can reflect the
course of activity of T cells and immune state[38-41]. The levels of
mIL-2R in silence stage detected by BSA were lower in patients
with hepatitis C than those in normal controls (P<0.01). The
probable reasons are: (1) The mIL-2R on surface of some T
cells can be restrained by HCV. (2) The degree of variation of
HCV is high, the hydrophilic peptid chain on core protein is
subjective to escape the attack of CTL and keep the infection
persist in chronic state. (3) The variant antigen of HCV can
not match the antibody produced. A lot of soluble interleukin-

2 receptor (sIL-2R) can be released after replication of HCV-
RNA in PBMC so that the expression of mIL-2R was
restrained. It is not only a kind of manifestation of disorder
and low cellular immune to HCV but also one of reasons of
chronic hepatitis C. Some T cells receptor (TCR) on surface
of some Tc cells can combine with the complement (HCV-
MHC-I) and some perforation proteins can be released so that
many liver cells will be injured. The sIL-2R, a kind of restrained
factor, as well as mIL-2R all can combine with IL-2
competitively and induce infection of HCV from activity to
chronicity. With the inducement of PHA, the level of mIL-2R
in silence and inducement stages was obviously increased. This
result showed that the mIL-2R could be induced by PHA and
had strong compete ability against sIL-2R in serum.
     After inducement of PHA, the level of mIL-2R of patients
in inducement stage was higher than that in silence stage, and
lower than that in normal controls (P<0.01). The results of our
study showed that the effect of PHA was infirm for patients
with hepatitis C and was similar to the reports published. The
level of mIL-2R in silence and inducement stages were higher
after treatment of alpha 2b interferon than that before treatment
of alpha 2b interferon (P<0.01). The active T cells and high
level of mIL-2R can be induced by alpha 2b interferon during
the treatment. The results showed that alpha 2b interferon not
only can induce the protein kinase and 2’, 5’AS but also
stimulate T cells and induce the effect of Tc cells against
infected cells.
    In conclusion, some active T cells and mIL-2R can be
induced during the treatment of alpha 2b interferon. The
patients with viremia are sensitive to treatment of alpha 2b
interferon that have good effect on negative change of HCV-
RNA in PBMC and serum and anti-HCV in serum. If the
treatment time of alpha 2b interferon prolongs, the negative
rate of anti-HCV and HCV-RNA will increase simultaneously.
In treatment of HCV with alpha 2b interferon, the value of
negative change of HCV-RNA in serum alone is limited. In
well equipped hospital both HCV-RNA in serum and PBMC
can be examined at the same time.
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Abstract
AIM: To determine the prevalence of Helicobacter pylori
(H. pylori) infection, the serum anti-H. pylori immunoglobulin
G (IgG) and IgA antibody responses, and the value of clinical
presentations in diagnosis of H. pylori infection in patients
with gastric atrophy, intestinal metaplasia and dysplasia.

METHODS: H. pylori infection was detected by histology in
209 patients with mild chronic atrophic gastritis (CAG, n=76),
severe CAG (n=22), mild intestinal metaplasia (IM, n=22),
severe IM (n=58), or dysplasia (DYS, n=31). Serum anti-
H. pylori IgG and IgA were double sampled and evaluated
by enzyme-linked immunoadsordent assays. 35 clinical
presentations were observed and their relationship with H.
pylori infection was analyzed by the k-means cluster method.

RESULTS: Both IgG and IgA levels in H. pylori positive
patients were significantly higher than those negative for H.
pylori (P<0.001-0.01). The prevalence of H. pylori was highest
in severe IM (84.5 %), and lowest in mild CAG (51.3 %)
(P<0.01). They were similar in severe CAG (68.2 %), mild
IM (72.7 %), and DYS (67.7 %). In H. pylori positive patients,
the IgG levels in severe CAG were significantly higher than
those in mild CAG (P<0.01). In H. pylori negative patients,
both IgG and IgA levels increased remarkably in severe IM,
compared to those in mild IM (P<0.01-0.05). H. pylori infection
exhibited no association with patient’s gender (62.1 % in
males; 71.7 % in females) and age (r=0.0814, P=0.241).
The diagnostic accuracy based on 35 clinical presentations
was 65.7 %. It could be improved by 5.7 % when only the
assemblage of digestive symptoms were engaged, or by
8.6 % when the pathogenic factors, general status and
grossoscopy were combined. The diagnostic accuracy could
be decreased when only the general symptoms were
engaged, or when the pathogenic factors were accompanied
with some common digestive symptoms.

CONCLUSION: H. pylori infection is a major risk factor for
the process from atrophy, IM to DYS of gastric mucosa.
Serum IgG and IgA are good indicators to evaluate this

progress with a certain arrearage. Investigation on the
effective assemblages of clinical presentations may provide
a better understanding in the pathogenesis, diagnosis and
treatment for H. pylori infection.

Li S, Lu AP, Zhang L, Li YD. Anti-Helicobacter pylori
immunoglobulin G (IgG) and IgA antibody responses and the
value of clinical presentations in diagnosis of H. pylori infection
in patients with precancerous lesions. World J Gastroenterol
2003; 9(4): 755-758
http://www.wjgnet.com/1007-9327/9/755.htm

INTRODUCTION
The persistence or repeated infection of pathogenic factors in
the stomach may result in the chronic process of gastritis with
glandular atrophy (AT), intestinal metaplasia (IM), dysplasia
(DYS) and so on at different stages, which indicates diversiform
prognosis. The roles of immune reactions in Helicobacter
pylori (H. pylori) pathogenesis and chronic gastritis (CG) are
research areas of rapid progress[1-4]. It is now recognized that
the clinical detection of serum antibody is effective in
monitoring the H. pylori infection[5,6]. However, H. pylori
infection and the levels of serum anti-H. pylori immunoglobulin
antibodies at different stages of CG are not fully investigated.
Moreover, the complex clinical manifestations of H. pylori
infection and associated CG leads to a diagnostic and
therapeutic dilemma for CG[7].
      To determine the prevalence of H. pylori infection, the serum
anti-H. pylori immunoglobulin G (IgG) and IgA antibody
responses, and the value of clinical presentations in diagnosis
of H. pylori infection in patients with gastric atrophy, intestinal
metaplasia and dysplasia a population-based investigation was
designed and a novel analytic method was proposed in this
work. The study also took a different perspective in assessing the
association between H. pylori infection and clinical presentations.

MATERIALS AND METHODS

Patients
A total of two hundred and nine patients with chronic gastritis,
who were diagnosed through gastroscopy and mucosal biopsy,
were included in the present study. All patients, who resided
in Shandong province, were investigated by the Institute of
Basic Theory, Chinese Academy of Traditional Chinese
Medicine from 1999 to 2001. Among them 103 were males
and 106 were females, aged from 45 to 72 with a mean age of
55 years old. Gastric biopsies were histologically evaluated
for activity and chronicity of gastritis, and the presence of AT
and/or IM according to the criterion of the visual analogue
scale in Sydney classification and grading of gastritis[8]. The
patients consisted of 76 with mild chronic atrophic gastritis
(CAG), 22 with severe (CAG), 22 with mild IM, 58 with severe
IM and 31 with DYS accompanied with mild IM. All patients
had not received any anti- H. pylori treatment.
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Diagnosis of H. pylori infection
Two hundred and nine specimens of gastric mucosa were
obtained from each patient via endoscopy. Gastric mucosa was
sampled from the area of greater curvature at gastric antrum,
and H. pylori was determined by pathological staining with
hematoxylin and eosin (HE) followed by Giemsa staining.
Under microscope, Helicobacter-like organisms can be
identified as a typical curve like S or C. They look like a short
bacilli or globular body with a slight curve.

Detection of anti-H. pylori IgG and IgA antibodies
Blood was sampled twice from patients. Enzyme-linked
immunoadsorbent assays (ELISA) were used to detect the
levels of serum anti-H. pylori IgG and IgA antibodies. The
test kits for the detection of anti-H. pylori -IgG and anti-H.
pylori -IgA were purchased from Bioseed Co., USA. The value
of the optical density (OD) was read by a microtiter plate reader
at 450 nm.

Clinical presentations observation
35 clinical presentations were observed as follows: (1)
Symptoms of the digestive system including appetite,
distending fullness in the stomach, stomachache, distending
fullness in the abdomen, pain in the hypochondrium, pain in
the abdomen, singultus, nausea, vomit, acid regurgitation and
epigastric upset, and heartburn; (2) General status including
ear, eye, physique, complexion, stool, urine, oropharynx, taste,
swollen, head, limbs, chest, hand and foot; (3) Spirit and
psychological status including spirit, sleep, and emotion; (4)
Glossoscopy including quality of tongue, body of tongue, and
fur of tongue and (5) Pathogenic factors including smoking,
alcohol, dietary bias, and dietary regularity. Each investigated
symptom consisted of two to four subordinate items.

Statistical analysis
A SPSS 10.0 statistical package program was used for data
analysis. The variables were processed by chi-square test,
student’s t test, ANVOA analysis, and bivariate correlate
analysis, where appropriate.

k-means cluster analysis
The k-means cluster analysis method has been applied in many
areas including data mining, statistics, biology, and machine
learning, and so on[9]. In this study, the relationship between
the H. pylori infection and the 35 clinical presentations of
patients was analyzed by this method. The diagnostic accuracy
was obtained by the k-means algorithms. The distance between
clusters was further verified by an ANOVA test.

RESULTS
As shown in Table 1, the detected positive rates of H. pylori
varied were 72.7 % (16/22) in mild IM, 84.5 % (49/58) in severe
IM, 67.7 % (21/31) in DYS, 51.3 % (39/76) in mild CAG, and
68.2 % (15/22) in severe CAG, respectively. Analyses of chi-
square test showed that the detected positive rates of H. pylori
were similar in mild IM, mild CAG, DYS, and severe CAG
groups. The H. pylori positive rate in severe IM group was
statistically higher than those in other groups (all P<0.01).
     Table 2 shows the detective positive rates of H. pylori for
the CG patients in relation to gender and age. There was no
significant difference between the male (62.1 %, 64/103) and
the female patients (71.7 %, 76/106) (P>0.05). The H. pylori
infection rate was highest in the ages from 42 to 49 (59/80,
73.8 %). However, the ANVOA analysis showed that there
was no significant difference among four groups with different
ages (P>0.05). Bivariate correlation analysis also indicated that
the detected positive rate of H. pylori was not remarkably
associated with the age of patients (r=0.0814, P=0.241).
     Table 3 lists the levels of serum anti- H. pylori IgG and
IgA at different statge of CG. Both serum anti- H. pylori IgG
and IgA levels were remarkably higher in H. pylori positive
patients than those negative for H. pylori (P<0.001-0.01). In
H. pylori positive patients the IgG level was significantly
greater in severe CAG than in mild CAG (P<0.01). In H. pylori
negative patients both the serum IgG and IgA levels increased
significantly in severe IM, compared to those in mild IM
(P<0.01-0.05). There was no significant difference in IgG and
IgA levels between mild and severe IM in the presence of
H. pylori infection (P>0.05).

Table 1  The detected positive rates of H. pylori at different stages of CG

H. pylori Mild CAG Severe CAG  Mild IM        Severe IM     DYS Total

Number        76         22         22              58       31   209
Positive % 39 (51.3%) 15 (68.2%) a 16 (72.7%)        49 (84.5%)b 21 (67.7%)   140
Negative % 37 (48.7%)   7 (31.8%)   6 (27.3%)        9 (15.5%) 10 (32.3%)     69

CAG, chronic atrophic gastritis; IM, intestinal metaplasia; DYS, dysplasia. aP<0.05, bP<0.01, mild IM vs severe IM; mild CAG vs.
severe CAG.

Table 2  The detected positive rates of H. pylori for CG patients in relation to gender and age

H. pylori     Males   Females 70-77 years old 60-69 years old 50-59 years old              42-49 years old

Number       103       106             16          47            66          80
Positive (%) 64 (62.1%) 76 (71.7%)     10 (62.5%)    32 (68.1%)      39 (59.1%)    59 (73.8%)
Negative (%) 39 (37.9%) 30 (28.3%)       6 (37.5%)    15 (31.9%)      27 (40.9%)    21 (26.2%)

Table 3  Comparison of serum anti-H. pylori IgG and IgA levels (the optical density value) at different stages of CG

          Mild CAG Severe CAG   Mild IM        Severe IM DYS

H. pylori        H. pylori        H. pylori        H. pylori        H. pylori        H. pylori         H. pylori        H. pylori        H. pylori        H. pylori
     (+)  (-)         (+)       (-) (+)          (-)     (+)  (-)         (+)  (-)

IgG(1) 2.86±1.8b      0.38±0.27      4.48±2.14bc      0.53±0.27      3.86±1.87b      0.14±0.07      3.1±2.34a      0.55±0.29d      2.74±1.67b      0.23±0.17
IgG(2) 3.26±2.16b    0.46±0.24      4.52±3.27a       0.54±0.29      4.44±2.56b        0.3±0.18      3.5±1.98b      0.54±0.29        3.33±1.87b     0.72±0.97
IgA(1) 0.85±0.7b      0.24±0.22      0.99±0.49b       0.21±0.16      0.83±0.39b        0.1±0.06    0.93±0.79       0.33±0.16d       0.94±0.89b     0.13±0.13
IgA(2) 0.96±0.83b    0.25±0.21      1.08±0.59a       0.27±0.16      0.99±0.72a      0.12±0.07    0.89±0.63a     0.32±0.19d   0.78±0.6b       0.15±0.13

CAG, chronic atrophic gastritis; IM, intestinal metaplasia; DYS, dysplasia. (1) The first detection. (2) The second detection. aP<0.01,
bP<0.001, H. pylori (+) vs. H. pylori (-). cP<0.05, H. pylori (+) mild CAG vs. H. pylori (+) severe CAG; dP<0.05, H. pylori (-) mild IM vs.
H. pylori (-) severe IM.



      Table 4 shows the diagnostic accuracy of H. pylori infection
determined by different assemblages of clinical presentations.
The overall diagnostic accuracy based on 35 presentations was
65.7 %. It could be improved by 5.7 % when the only digestive
symptoms were engaged, or by 8.6 % when further information
were referred such as the assemblage of pathogenic factors
(smoking, alcohol), general status (tired limbs), and tongue
observation according to the traditional Chinese medicine
(TCM) method. However, the diagnostic accuracy could be
decreased by the improper assemblages such as the general
symptoms only, the pathogenic factors accompanied with some
common digestive symptoms (distending fullness in the
stomach, stomachache, distending fullness in the abdomen,
and nausea) which had no special significance for the positive
or negative H. pylori.

DISCUSSION
An increasing number of studies support a close relationship
between H. pylori infection and CG, as previous described.
However, the correlation between H. pylori infection, serum
antibody and clinical symptoms at different stages of CG has
not been well investigated so far. The chi-square test results in
Table 1 show that the detected positive rates of H. pylori
increase significantly in patients with mild CAG (51.3 %, 39/
76), DYS and mild IM (67.7 %, 21/31), severe CAG (68.2 %,
15/22), and mild IM (72.7 %, 16/22). They reach the highest
value in patients with severe IM (84.5 %, 49/58) (P<0.01).
However, H. pylori infection exhibited no remarkable
association with patient’s gender (62.1 % in males; 71.7 % in
females) and age (r=0.08, P=0.241).
     It has been reported that the adherence of H. pylori may
play an important role in the pathogenesis of severe histological
changes in CAG[10], IM[11] and DYS[12]. Our investigation further
explored the statistic probability of H. pylori infection at different
stages of CG. Based on these, we suggest that H. pylori infection
may be the key factor in accelerating the occurrence and
development of CG, since H. pylori is a pathogenic bacterium
that can adhere to gastric mucosa until the atrophy and intestinal
metaplasia occurring in the course of CG.
     A mostly pathological mechanism of H. pylori infection is
the immunopathological response of host. When CG occurs, a
detectable specific humoral immunological response will be
established. The appearance of serum antibodies such as IgG
and IgA may indicate an extensive immunoreaction causing
by H. pylori infection. The serum anti-H. pylori -IgG antibody,

therefore, acts as a highly accurate, simple and noninvasive
method in monitoring the status of H. pylori infection[5, 13]. In
our study, both serum anti-H. pylori IgG and IgA are remarkably
higher in H. pylori positive patients than those negative for
H. pylori (P<0.001-0.01). On the one hand, in the presence of
H. pylori infection the IgG level in severe CAG increased
significantly, compared to those in mild CAG (P<0.01). These
imply that the serum anti-H. pylori IgG and IgA are appropriate
indicators to evaluate the status of H. pylori infection in the
process of CG. On the other hand, in absence of H. pylori
infection both serum IgG and IgA are significantly greater in
severe IM than those in mild IM (P<0.01-0.05), whereas no
significant difference (P>0.05) was observed between mild
and severe IM in the presence of H. pylori infection. The
increase of antibody may be due to the reminiscence of H.
pylori infection, resulting in a certain arrearage between serum
antibody and H. pylori. It is reported that the IgA response of
gastric mucoa in CG patients can be detected even in the
quiescent period of negative H. pylori infection due to the recent
exposure to the bacterial antigens[6].
     The clinical situations of CG patients are intricate. They
are divergent by the pathological changes of gastric mucosa,
and are affected by environmental factors[14, 15]. By means of
the cluster analysis method, we found that the proper
assemblages such as digestive symptoms, pathogenic factors
(smoking, alcohol), general status (tired limbs), and the tongue
could improve the diagnostic accuracy of H. pylori infection.
However, the improper assemblages, such as the general
symptoms only, or the pathogenic factors accompanied with
some common digestive symptoms decreased the diagnostic
accuracy. A preferable symptomatic assemblage has been
proposed in the present study. Based on this, the diagnostic
accuracies of up to 74.3 % and 40.5 %, respectively, for
positivity and negativity of H. pylori infection have been
obtained. It has been demonstrated clinically that smoking,
alcohol[16] and the tongue change[17] are pathogenic factors
for the H. pylori infection. Our study indicates that the
symptomatic assemblages rather than an individual factor are
closely related to the clinic significance of H. pylori infection.
Furthermore, it has been known that the validity of CG
treatment in traditional Chinese medicine (TCM) is based on
the differentiation of symptom-complexes[18, 19]. Our
investigation suggests that H. pylori-related symptomatic
assemblages can be taken into consideration in practicality
and methodology during the diagnoses and treatment of CG.
More effective symptomatic assemblages and their effects

Table 4  Diagnostic accuracy of H. pylori infection determined by different assemblages of symptoms

 Accuracy (%)
Attributes Assemblages of symptoms

H. pylori (+)       H. pylori (-)

Pathogenic factors Smoking, alcohol, limbs, hand and foot (alla)      70.7%            42.3%
and general status
Pathogenic factors, Smoking, alcohol, dietary regularity, limbs, and tongue quality (alla)      74.3%            39.1%
general status and tongue
Pathogenic factors and Smoking, alcohol, limbs, hand and foot, distending fullness in the stomach,      51.4%            52.2%
digestive symptoms stomachache, distending fullness in the abdomen, and nausea (alla)
Digestive symptoms Appetite, distending fullness in the stomach, stomachache, distending fullness      71.4%            26.1%

in the abdomen, pain in the hypochondrium, pain in the abdomen, singultus,
nausea, vomit, acid regurgitation and epigastric upset, heartburn, and stool (alla)

Digestive symptoms Distending fullness in the stomach, stomachache, pain in the abdomen,      72.1%            26.1%
and tongue nausea, and fur of tongue (alla)
General status Taste, swollen, head, limbs, chest, hand and foot, spirit and sleep,      50.7%            40.6%

emotion, complexion (alla)
Total symptoms 35 itemsb      65.7 %            40.6 %

aP<0.05-0.001, the difference between two classes tested by the ANOVA analysis. bP<0.05-0.001, except dietary bias, dietary regularity,
urine, oropharynx, eye, ear, physique, tongue quality, and tongue body.
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on H. pylori infection are still required.
     In conclusion, the early genesis and further progression of
CG are associated with H. pylori infection, which can be
characterized by the increase of serum anti-H. pylori IgG and
IgA with a certain arrearage. Due to the intricate clinical
situation of CG, effective symptomatic assemblages are
required in diagnosing H. pylori infection.
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Abstract
AIM: To study the effects of liver specific antigen (LSA) on
the immunoreaction of liver allotransplantation and its
significance.

METHODS: Orthotopic liver transplantation was used in
this study. Group I: syngeneic control (Wistar-to-Wistar);
Group II: acute rejection (SD-to-Wistar). Group III: acute
rejection treated by intramuscular injection of cyclosporine
A (CsA) (SD-to-Wistar+CsA). Group IV: Intrathymic
inoculation of SD rat LSA one week before transplantation
(LSA+SD-to-Wistar). The common situation and survival
time, rejection grades, NF-κB activity of splenocytes and
intragraft cytokine gene expression were observed to
analyze the acute rejection severity and immune state of
animals.

RESULTS: The common situation of Wistar-to-Wistar group
was very good after the transplantation and no signs of
rejection were found. Recipients of SD-to-Wistar group lost
body weight progressively. All died within 9 to 13 days after
transplantation with the median survival time of 10.7±0.51
days. It was an optimal control for acute rejection. The
common situation of SD-to-Wistar+CsA group was bad
during CsA medication but only with mild rejection. As for
LSA+SD-to-Wistar group, 5 of 6 recipients survived for a
long time and common situation was remarkably better than
that of SD-to-Wistar group and SD-to-Wistar+CsA group.
Its rejection grades were significantly lower than that of
SD-to-Wistar group (P=0.026). Furthermore, no significant
discrepancies of rejection were found between SD-to-Wistar
group and LSA+SD-to-Wistar group at day7 and day12
(P=0.067). NF-κB activity, IFN-γ and IL-2mRNA expression
were significantly inhibited in LSA+SD-to-Wistar group
compared with that of SD-to-Wistar group (P<0.05).

CONCLUSION: LSA is an important transplantation antigen
which involves in the immunorejection of liver transplantation
directly. We reported for the first time that intrathymic
inoculation of LSA can induce immnotolerance of liver
allotransplantation and grafts can survive for a long time
thereby, thus leading to a novel way to liver transplantation
immunotolerance.

Jia CK, Zheng SS, Li QY, Zhang AB. Immunotolerance of liver
allotransplantation induced by intrathymic inoculation of donor
soluble liver specific antigen. World J Gastroenterol  2003; 9
(4): 759-764
http://www.wjgnet.com/1007-9327/9/759.htm

INTRODUCTION
Although MHC-antigens have been extensively studied, the
problem of rejection in liver transplantation was not resolved
completely. Liver transplantation are not strict for HLA
matching and both grafts and recipients can survive for a long
time after immunotherapy[1]. On the other hand, given HLA
multiple loci matching in some cases, the likelihood of grafts
dysfunction and rejection increased, which suggested that
matching for HLA type may exert a dualistic effect on liver
transplantation[1,2]. No satisfactory explanations have been
made about it up to date; and most studies were limited to
HLA antigens themselves with the results still remaining
controversial.
     The specific antigens expressed only in liver cell membrane
or liver cytoplasma and encoded by loci not linked to the MHC
gene were called liver specific antigen (LSA). It was reported
that this antigen could be detected in sera of almost all liver
allotransplantation recipients but its effects remained unknown
yet[3]. Thus in this experiment, we aimed to find whether LSA
was an transplantation antigen and its possible mechanism of
inducing the tolerance of liver allotransplantation using
intrathymic LSA inoculation pathway. And the roles of LSA
in thymus tolerance were discussed in this research too.

MATERIALS AND METHODS
Materials
Inbred male Wistar and male SD rats weighing 200 to 250 g
were purchased from Shanghai Experimental Animal Center;
there were also materials used in this study as following: [γ-
32P]ATP (Furui bioengineering Corp, Beijing); EMSA assay
kit (Promega); NF-κB double stranded oligonucleotide, 5’-
A G T T G A G G G G A C T T T C C C A G G C - 3 ’ ,  3 ’ -
TCAACTCCCCTGAAAGGGTCCG-5’ (Santa Cruz), NF-κB
double stranded mutant oligonucleotide, 5’-AGTTGAGG-
CGACTTTCCCAGGC-3’, 3’-TCAACTCCGCTGAAAG
GGTCC G-5’(Santa Cruz); TRIzol Reagent (Gibco, BRL);
MuLV (MBI, Fermentas); Ultracentrifugator (Beckman);
CHRIST lyophilizer (B.Braun Biotech).

Methods
Isolation of LSA  Preparation of liver specific protein S100
was carried out by the method previously described[4]. The
protein contents was measured according to the method of
Bradford. Then the protein was lyophilized by CHRIST
lyophilizer and stored at -80 .
Surgical procedure, experimental groups and sample
harvesting  Rats were anesthetized with ether inhalation.
Orthotopic rat liver transplantation was performed by
Kamada’s two-cuff technique[5]. The animals surviving less
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then 3 days after the transplantation were attributed to technical
errors and were excluded from this study. Wistar rats serving
as recipients were randomly divided into four groups, Group I:
syngeneic control (Wistar-to-Wistar); Group II: acute rejection
(SD-to-Wistar); Group III: acute rejection treated with
intramuscular injection of CsA 3.0 mg/kg/d (SD-to-
Wistar+CsA); Group IV: Intrathymic inoculation of 10 mg SD
rat LSA one week before transplantation (LSA+SD-to-Wistar).
All groups were subdivided into day 1, 3, 5, 7, 12 subgroup
(n=3 each) after the transplantation respectively for sample
harvesting and another subgroups (n=6) for observation of
common situation and survival time. For observation of
common situation and survival time in Group III, after the
therapy of CsA for 12 days, animals received no additional
immunosuppression. Graft specimens were harvested to
determine morphological changes and cytokine gene
expression. Recipient splenocytes were isolated and the NF-
κB activity were determined.
Histopathological examination  Grafted liver samples were
fixed in 10 % buffered formalin and embed in paraffin. Five
micrometers think sections were affixed to slides,
deparaffinized, and stained with hematoxylin and eosin to
assess morphologic changes and severity of acute rejection by
the Kemnitz’s standard[6].
Cytokine reverse transcription-polymerase chain
reaction  Primer sequences and reaction conditions: Primers
sequences used were as follow: IL-2 sense primer, 5’-
GACGCTTGTCCTCCTTGT CA-3’, IL-2 antisense primer,
5’-ACCACAGTTGCTGGCTCATC-3’ (size3 72bp); IFN-γ
sense primer, 5’-ACTGCCAAGGCACACTCATT-3’, IFN-γ
antisense primer, 5’-AGGTGCGAT TCGATGACACT-3’
(size 235bp); β-actin sense primer, 5’-TCGTACCA
CTGGCATTGTGA-3’, β-actin antisense primer, 5’-
TCCTGCTTGCTGATCCACAT-3’  ( s ize  645b p) .
Amplifications were performed under the following conditions:
95  for 2 minutes, 94  for 45 seconds, 56  for 45 seconds,
72 for 45 seconds, totally 32 cycles. The final extension
step was performed by one cycle at 72  for 10 minutes.
Reaction buffer: 10×Buffer 2.5 µl, 10 mM dNTP 1 µl, MgCl
2 µl, cDNA 2 µl and 1 µl of each primer, ddH2O was added to
get the final volume of 25 µl. RT-PCR: Total RNA was
prepared from grafted liver with TRIzol Reagent according to
the manufacturer’s recommendations. For cDNA synthesis,
4 ug total RNA was reverse transcribed with MuLV reverse
transcriptase according to the manufacturer’s recommendations.
Two microliters from the resulting cDNA solution were then
amplified using specific oligonucleotides under the reaction
conditions using β-actin as a “housekeeping gene” in a volume
of 25 ul PCR buffer. Reaction products were run by
electrophoresis on a 1.5 % agarose gel for 30-40 min at 100 V
in 0.5×Tris/borate/EDTA buffer, and visualized with ethidium
bromide under UV light. Relative expression of cytokines were
defined as optical density ratio (cytokine/β-actin) analyzed by
Kodak digital science scanning system.
NF-κB activity of splenocytes and EMSA competitive
inhibition  NF-κB activity was detected by gel electrophoretic
mobility shift assay (EMSA): Splenocytes of recipients were
isolated and nuclear extracts were prepared according to the
method described by Kravchenko[7]. The contents of protein
were determined by the method of Bradford. NF-κB
oligonucleotide was end-labeled with [γ-32P]ATP according
to the manufacturer’s recommendations. For EMSA, 10 ug of
each nuclear extract was mixed with 5×binding buffer at room
temperature for 10 min. Then 1 ul [γ-32P] ATP -labeled double
strand NF-κB oligonucleotide probe was added in and
incubated at room temperature for 20 min. The DNA/protein
complex was electrophoresed on 4 % nondenaturing
polyacrylamide gels in 0.5×Tris/borate/EDTA buffer to

separate probe binding to NF-κB and free probe. Radioactive
bands were detected by autoradiography at -70  followed
by radiography to detect the level of retardation. The results
were expressed as relative optical density (ROD)[8]. To study
whether the method of EMSA was specific, standard nuclear
extract of Hela cells was used to bind with NF-κB protein.
The specificity of binding was confirmed by 100 fold excess
unlabeled NF-κB oligonucleotide as a specific competitor, 100
fold excess unlabeled non-related oligonucleotide as a
nonspecific competitor and 100 fold excess unlabeled mutant
NF-κB oligonucleotide as a mutant competitor. All unlabeled
oligonucleotides were preincubated with Hela nuclear extract
at room temperature for 10 min then labeled NF-κB
oligonucleotide was added. The left steps were the same as
mentioned above.

Statistics analysis
All data were expressed as mean ±SD and analyzed by one-
way repeated measures analysis of variance (ANOVA) using
SPSS software (version 11.0 for windows). Pearson correlation
analysis was used between parameters. P<0.05 was considered
as statistically significant.

RESULTS
Postoperative common situation and survival time
The common situation of rats in the Wistar-to-Wistar group was
very good after the transplantation. Recipients drank normally
after 3rd day of posttransplantation. Normal coat recovered at
day 7 with increase of body weight and all recipients survived
for a long time. Recipients of rats in the SD-to-Wistar group ate
badly with tarnished coat and progressive loss of body weight;
all died within 9 to 13 days after the transplantation; median
survival time was 10.7±0.51 days. Although 5 of 6 recipients of
rats in the SD-to-Wistar+CsA group survived for a long time
(one dead from abdominal inflammation and liver abscess day
on 14 after the transplantation), they also drank badly with
tarnished coat and ceased increase of body weight during CsA
medication, which recovered after the cease of drug treatment.
As for the LSA+SD-to-Wistar group, 5 of 6 recipients survived
for a long time (one dead of bile duct obstruction on day 15
after the transplantation) and their common situation were
remarkably better than that of rats in the SD-to-Wistar group
and SD-to-Wistar+CsA group.

Histopathologic examination
No signs of rejection were found at any time point in the Wistar
-to-Wistar group with minimal portal inflammatory infiltrates.
In the SD-to-Wistar group, a few portal lymphocyte infiltrations
combined with minimal vein endothelialitis on day 1 was found
but there was no evidence of rejection. Significant portal
lymphocyte infiltration with degeneration of hepatic
parenchyma in some cases can be found on day 3 and day 5
with average rejection grade of 1.83 and 2.67, respectively.
Severe inflammatory cells infiltration, severe vein
subendothelialitis with bridging hepatocellular necrosis could
be found on both day 7 and day 12 with rejection grade of
2.87 and 3, respectively. Owing to the immunosuppressive
effect of CsA, rejection was greatly inhibited in the SD-to-
Wistar+CsA group. No evidence of rejection was found at the
first three time points. But mixed inflammatory infiltration and
endothelialitis could be found on day 7 and day 12, in which
grade 1 rejection was diagnosed. As for the LSA+ SD-to-Wistar
group, rejection grades was 0 and 1 on day 1 and 3, respectively.
Mixed but mainly lymphocytic infiltration was found in both
portal tract and parenchyma without focal necrosis of the
hepatic parenchyma on day 5, 7 and 12. Thus their rejection
grades were all defined as 1.25 which were significantly lower



than that in the SD-to-Wistar group (P=0.026). Furthermore,
no significant discrepancies of rejection grades on day7 and
day 12 were found between the the SD-to-Wistar+CsA group
and LSA+SD-to-Wistar group (P=0.067) (Figure 1).

Figure 1  Rejection grades of grafted liver in different groups.
Data were expressed as mean±SD. I, Wistar-Wistar group; II,
SD-Wistar group; III, SD-Wistar+CsA group; IV, LSA+SD-
Wistar group; Rejection grades of group IV were significantly
lower than that in groupII at all but day 1 time point. No sig-
nificant discrepancies were found between groupIV and
groupIII on day 7 and day 12 time points. aP<0.05 vs groupII,
bP>0.05 vs group III.

Expression of cytokine gene
The kinetic changes of intragraft IL-2 mRNA expression in
different groups were shown in Figure 2: no expression was
detected at any time point in the Wistar-to-Wistar and the SD-
to-Wistar+CsA group, whereas high level expression was
detected at all time points in the SD-to-Wistar group and
reached to the peak on day 7 and 12 after the transplantation
(P<0.001, vs the Wistar -to-Wistar group). Low level expression
was only detected on day 5 in the LSA+SD-to-Wistar group
which was significantly lower than that in the SD-to-Wistar
group (P<0.001). Intragraft IFN-γ mRNA expression in
different groups was shown in Figure 3. Very weak IFN-γ
mRNA expression was detected at any time point in the Wistar-
to-Wistar group after the liver transplantation, whereas there
was very strong expression in the SD-to-Wistar group at all
time points (P=0.006, vs the Wistar -to-Wistar group). The
expression of IFN-γ mRNA was significantly inhibited in the
SD-to-Wistar+CsA group which was significantly lower than
that in the SD-to-Wistar group (P<0.001). As for group IV, its
kinetic change was similar to that in the SD-to-Wistar group
but was significantly lower than that in the SD-to-Wistar group
at any time points (P=0.046). Expression of IL-2 and IFN-γ
mRNA was correlated to the histopathological damage.

Figure 2  The kinetic change of intragraft IL-2mRNA expres-
sion in different groups. I, Wistar-Wistar group; II, SD-Wistar
group; III, SD-Wistar+CsA group; IV, LSA+SD-Wistar group;
IL-2mRNA expression of group IV were significantly lower
than that in group II at all time point (P<0.05).

Figure 3  The kinetic change of Intragraft IFN-γ mRNA ex-
pression in different groups. I, Wistar-Wistar group; II, SD-
Wistar group; III, SD-Wistar+CsA group; IV, LSA+SD-Wistar
group; IL-2mRNA expression of group IV were significantly
lower than that in group II at all time point (P<0.05).

Figure 4  EMSA specific competitive inhibition. Lane 1, nega-
tive control; Lane 2, positive control; Lane 3, specific
competition; Lane 4, non-specific competition; Lane 5, mutant
competition.

Figure 5  NF-κB activity of splenocytes at different time points
after the transplantation. A, Wistar-Wistar group; B, SD-Wistar
group; C, SD-Wistar+CsA group; D, LSA+SD-Wistar group;
E, the kinetic change of NF-κB activity. NF-κB activity of group
IV were significantly lower than that in group II at all time
point (P<0. 05).
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EMSA specific competitive inhibition and NF-kB activity of
splenocytes
The results of EMSA competitive inhibition showed that no
NF-κB activity was found after the specific competition,
whereas NF-κB activity was the same as the positive control
after the nonspecific competition and mutant competition
(Figure 4). This results showed that this method was specific.
NF-κB activity of splenocytes in Figure 5 showed the
autoradiographic results of splenocyte NF-κB DNA binding
activity in different groups (A, B, C, D). Low NF-κB activity
was only detected on day 5 and day 7 in the Wistar-to-Wistar
syngeneic group after the transplantation. In contrast, NF-κB
activity increased from day 3 after the transplantation in the
SD-to-Wistar group and was significantly higher than that in
the syngeneic group at all time points (P=0.001). Only very
weak DNA binding activity was found on day 12 in the SD-
to-Wistar+CsA group and NF-κB activity was also inhibited
in the LSA+SD-to-Wistar group which was significantly lower
than that in the SD-to-Wistar group (P=0.003). NF-κB activity
was significantly inhibited in the SD-to-Wistar+CsA and
LSA+SD-to-Wistar group (Figure 5E).

Correlation analysis
A good correlation was found between the activity of NF-κB
and intragraft IL-2 as well as IFN-γ mRNA expression in this
study (pearson correlation analysis, r=0.737 and r=0.742
respectively, P<0.01,n=20). While intragraft IL-2 and IFN-γ
mRNA expression were correlated to histopathological damage
(pearson correlation analysis,  r=0.856 and  r=0.680
respectively, P<0.01,n=20).

DISCUSSION
Allotransplantation tolerance can be induced by intrathymic
inoculation of donor cellular antigen[9-12], and also by
intrathymic inoculation of donor soluble MHC antigen[13-15].
However, intrathymic inoculation of donor soluble non-MHC
antigen have not been reported heretofore. In this study, we
inoculated donor LSA into recipient thymus before the liver
transplantation so that rejection was greatly inhibited. Only
mild rejection was found in grafts and was significantly lower
than that in the non-LSA inoculated group and similar to that
in the CsA treated group. Recipients survived for a long time
due to the induction of immunotolerance.
     Although the rejection grades in the LSA+SD-to-Wistar
group was increased obviously from day 3 and peaked at day
5 after transplantation, there was no significant difference
between time points except for day 1 (P>0.05). This rejection
kinetic change in the LSA+SD-to-Wistar group was similar to
that in the Wistar -Wistar group and was significantly lower
than that in the SD-to-Wistar group (P=0.026). Furthermore,
the rejection grades in the LSA+SD-to-Wistar group did not
significantly differ from that in the SD-to-Wistar+CsA group
on day 7 and day 12 time point after the transplantation
(P=0.067), which showed that intrathymic inoculation of LSA
could greatly alleviate rejection. However, rejection in the SD-
to-Wistar group was increased continuously and the rejection
grade on day 3 after the transplantation was significantly
different from its peak one (P<0.05). It was an optimal acute
rejection control. As for the SD-to-Wistar+CsA group, rejection
was greatly suppressed due to the effect of CsA and recipients
survived for a long time, which was consistent with previous
reports[16]. The rejection grades in all but SD-to-Wistar+CsA
group was increased rapidly within groups when compared
with that on day 1 after the transplantation (Figure 1) showed
that the high immunoresponses starting from day 3 to day 5
after the transplantation was the “rejection crisis” phase[17].

Rejection crisis phase in the SD-to-Wistar+CsA group was
postponed to start from day 5 to day 7 after the transplantation
due to the strong immunosuppressive effect of CsA.
Meanwhile, that rejection grades was not increase on day 7
after the transplantation both in the SD-to-Wistar+CsA group
and LSA+SD-to-Wistar group and recipients survived for a
long time suggested that the pathological damage in these two
groups may be “self-limited”. Given longer harvesting time
point, more could probably be found.
      For the expression of IL-2mRNA, the most related cytokine
to rejection, detected using RT-PCR in grafts, low level
expression was only detected on day 5 in the LSA+SD-to-
Wistar group and it was significantly lower than that in the
SD-to-Wistar group (P<0.001) (Figure 2). Although the
expression of IFN-γ mRNA, another important cytokine to
rejection, was slightly higher than that in the Wistar-to-Wistar
group (P=0.427), it was also significantly inhibited in the
LSA+SD-to-Wistar group (P<0.046,vs SD-to-Wistar group)
(Figure3). IL-2 and IFN-γ are the representative cytokines
secreted by Th1 cells which play important roles in transplant
rejection[18-20]. Both intragraft IFN-γ mRNA and protein were
increased when grafts were rejected[21,22]. IFN-γ not only
increases expression of MHC class I and class II antigens of
intragraft, but stimulates cells without expression of MHC
class II antigens at quiescent state to express MHC class II
antigens[23]. Thus inhibiting the synthesis and secretion of IL-
2 and IFN-γ is one of the mainly target for preventing
transplantation rejection all the while.
    As an important nuclear transcription factor, NF-κB is a
specific sequence binding protein which can bind to promoters
or enhancers of multiple genes including closely related
cytokines and adhesion molecules to organ transplantation
rejection[24], thus extensively regulating the expression of these
genes. Apart from that the change of NF-κB activity exerts crucial
effects on the proliferation and activation of immune cells, NF-
κB is also an important antiapoptotic nuclear factor[25,26]. So the
change of NF-κB activity may play a crucial role in the
immunoresponses and directly influence the immunoreaction
after the transplantation. In its quiescent state, NF-κB is
localized in cytoplasm in a complex with its inhibitory proteins
(IκBs)[27,28], which mask its nuclear localization signal and
prevent its from translocation to the nucleus. NF-κB is activated
through phosphorylation and IκBs is subsequently degraded
and then translocated into nucleus to bind with specific DNA
sequences to regulate the expression of related genes[26]. NF-
κB regulates the transcription of IL-2 mRNA through binding
to its binding sites in down-stream of IL-2 gene promoter. It
has been demonstrated in vitro that activated NF-κB can
directly result in high level expression of IL-2 mRNA and
promote the proliferation and activation of T lymphocyte[29].
IFN-γ gene belongs to lymphokine gene family and is related
to transplantation rejection. Its transcription parallels that of
other lymphokine genes such as IL-2 whose promoter activity
can be enhanced by NF-κB protein[30,31]. In this regard, the
ubiquitous factor NF-κB controlling a number of cytokines
may have roles in the transcription of IFN-γ gene. It has also
been demonstrated that NF-κB interacts with NF-AT to
coregulate the gene expression of IFN-γ in vitro[32] but not in
vivo especially in the organ transplantation rejection. We used
rat orthotopic liver transplantation model to study the
relationship between the activity of NF-κB and the expression
of IL-2 and IFN-γ mRNA and its mechanisms with or without
CsA and LAS treatment. A good correlation was found between
the activity of NF-κB and the expression of intragraft IL-2 as
well as IFN-γ mRNA in this study (pearson correlation analysis,
r=0.737 and r=0.742 respectively, P<0.01, n=20). While the
expression of intragraft IL-2 and IFN-γ mRNA were correlated
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to the histopathological damage (pearson correlation analysis,
r=0.856 and r=0.680 respectively, P<0.01, n=20). Thus it is
believable that allotransplantation rejection is partly due to the
activation of NF-κB at least. Both CsA and intrathymic
inoculation of donor LSA can inhibit the activity of NF-κB
and further inhibit the expression of IL-2 and IFN-γ mRNA
and rejection after the transplantation.
      We preliminarily discuss the specific tolerance mechanisms
induced by LSA: T lymphocytes recognition process of tissue
specific antigens is MHC-restricted which includes direct and
indirect recognition and the latter is the main one. In this
experiment, before the transplantation, protein antigen was used
to inoculate recipient thymus. No APC and MHC molecules
of donor existed, so the recognition of LSA should be indirect.
Modern immunology believes that TCR recognizes neither
MHC molecules nor antigen peptides alone. What it recognizes
is surface information of MHC-antigen peptides complex. So
it is believed that although LSA is organ specific, space
conformation, electric charge qualities and distributions of
MHC-antigen peptides complex are not the same due to its
polymorphism, thus activating allolymphocytes[33]. But large
numbers of activated lymphocytes may be clonally deleted due
to high dose antigen immunization, which coincides with the
“high-dose/activation- associated tolerance” mechanism[34]; In
addition, thymus reeducation may also be one of the
mechanisms of this tolerance.T lymphocytes of recipient
recognize donor LSA as self by reeducation mechanism.
     Therefore it was postulated that given multiple MHC loci
matching, the processing ability of tissue specific antigens by
recipient MHC molecules will be enhanced or be equal to that
of by donor’s, thus bring about indirect recognition of T
lymphocytes changing into direct recognition and increasing
the occurrence of hepatopathy and rejection after the
transplantation. This may be one of the reasons why mutiple
MHC loci matching, especially DR matching, can increase the
rates of grafted liver dysfunction and rejection[1,2]. This may
be just as what Desquenne postulated that it should make it
easier to induce tolerance of skin antigen as well as other tissue
specific antigen when MHC incompatibilities prevail[35].
Besides, special attention must be paid to the LSA+SD-to-
Wistar group. The common situation of recipients without any
transient immunosuppression were much better than that in
the non-LSA or CsA-treated group and no such complications
as inflammations happened. It showed that the tolerance did
not result from down-regulation of body’s immunofunction, in
contrast recipients’ immunuofunction was normal. This is
perhaps the optimal condition to induce donor specific tolerance
and do not affect body’s immunofunction. Reasonable
explanation is that strong immunoreaction towards to liver
parenchymal cells happened when transplanted liver was
rejected. Thus the tolerance induced by LSA is towards to
hepatocytes and is in real sense a donor and organ specific one.
     The results of this experiment not only demonstrated that
thymus had unusual effects on the tolerance induction, but also
that allotolerance to non-MHC antigen can be induced after
contacting of thymus microenvironment to non-MHC antigen.
It may suggest that if immunodominant character or
immunodominant non-MHC antigens were identified,
differences of other MHC and non-MHC antigen may be
neglected, thus leading to long-term allografts survival across
complete MHC barrier. It also suggested that MHC antigens
may be not the only obstacles to successful transplantation. It
is reported here for the first time that intrathymic inoculation
of LSA can induce permanent and specific immunotolerance of
liver allotransplantation, which show that hepatocytes are directly
involved in the immunoreaction of liver transplantation. It’s an
important supplement to the traditional theory of liver

transplantation rejection which considers that rejection is
mainly involved in liver vascular bed, bile ducts and
nonparenchymal cells, thus leading to a novel way to liver
transplantation immunotolerance.
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Abstract
AIM: To investigate the expression of growth hormone
receptor (GHR) and mRNA of GHR in cirrhotic livers of rats
with the intension to find the basis for application of
recombinant human growth hormone (rhGH) to patients with
liver cirrhosis.

METHODS: Hepatic cirrhosis was induced in Sprague-
Dawley rats by administrat ion of thioacetamide
intraperitoneally for 9-12 weeks. Collagenase IV was
perfused in situ for isolation of hepatocytes. The expression
of GHR and its mRNA in cirrhotic livers was studied with
radio-ligand binding assay, RT-PCR and digital image
analysis.

RESULTS: One class of specific growth hormone-binding
site, GHR, was detected in hepatocytes and hepatic tissue
of cirrhotic livers. The binding capacity of GHR (RT, fmol/mg
protein) in rat cirrhotic liver tissue (30.8±1.9) was significantly
lower than that in normal control (74.9±3.9) at the time
point of the ninth week after initiation of induction of cirrhosis
(n=10, P<0.05), and it decreased gradually along with the
accumulation of collagen in the process of formation and
development of liver cirrhosis (P<0.05). The number of
binding sites (×104/cell) of GHR on rat cirrhotic hepatocytes
(0.86±0.16) was significantly lower than that (1.28±0.24)
in control (n=10, P<0.05). The binding affinity of GHR among
liver tissue, hepatocytes of various groups had no significant
difference (P>0.05). The expression of GHR mRNA (riOD,
pixel) in rat cirrhotic hepatic tissues (23.3±3.1) was also
significantly lower than that (29.3±3.4) in normal control
(n=10, P<0.05).

CONCLUSION: The growth hormone receptor was
expressed in a reduced level in liver tissue of cirrhotic rats,
and lesser expression of growth hormone receptors was
found in a later stage of cirrhosis. The reduced expression
of growth hormone receptor was partly due to its decreased
expression on cirrhotic hepatocytes and the reduced
expression of its mRNA in cirrhotic liver tissue.

Wang HT, Chen S, Wang J, Ou QJ, Liu C, Zheng SS, Deng
MH, Liu XP. Expression of growth hormone receptor and its
mRNA in hepatic cirrhosis. World J Gastroenterol  2003; 9
(4): 765-770
http://www.wjgnet.com/1007-9327/9/765.htm

INTRODUCTION
Liver cirrhosis is a common pathway of a variety of chronic
liver diseases[1] and is associated with high protein catabolism,
low anabolism and negative nitrogen balance[2] resulting in
hypoproteinemia which contributes to ascites, dysfunction of
coagulation and suppressed immune reponses [3] as
pathophysiological outcomes. In fact, progressive nutrition
deficiencies and muscle wasting are universal problems and
critical predictors of morbidity, mortality and survival[4, 5] after
surgical intervention. Early reports showed that cirrhotic
patients requiring emergency abdominal surgery exhibited a
higher mortality[6]. In retrospective studies of liver transplant
recipients, protein-calorie malnutrition had been associated with
adverse outcomes in patients with end-stage liver diseases[7, 8].
A prospective study showed that cirrhotic patients with
hypermetabolism and body mass loss had a much higher
mortality rate after liver transplantation than those with
normometabolism[9]. Nutritional support is critical for patients
with hepatic cirrhosis. Yet, studies have shown that aggressive
nutritional support is essential but not effective enough to
prevent protein loss and optimize the care of these patients in
severe catabolic illness, including cirrhosis[10, 11].
    Recent research has investigated the role of exogenous
growth factor therapy in catabolic illness. Recombinant
human growth hormone (rhGH) has been used in catabolic
states such as after abdominal operation [12],  organ
transplantation[13], major trauma[14]  and severe burns[15] to
enable them to survive an aggressive surgery and gain access
to a new life[16]. After treatment of rhGH, donor site healing
rate in children with severe burns enhanced and thus
decreased a 14-day hospitalization time[17-19], Mortality rates
in severely burned adults dropped 26 %[20]. Cell-mediated
immunity significantly enhanced, wound infection rates and
length of hospitalization in a large group of post surgical
patients decreased[21]. Some clinical trial reported that growth
hormone enhanced nitrogen retention in patients with chronic
obstructive lung diseases[22], severe sepsis[23, 24] and wasting
status of AIDS[25, 26] and in fasted adult volunteers. Although
there are many controversies[27-31], it has been confirmed that
rhGH is an effective drug to accelerate protein anabolism[32]

and plays a central role in metabolic intervention with a
significant cost-effect benefit[33].
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     The action of growth hormone depends on its binding with
growth hormone receptor on cell membrane[34]. Whether the
cirrhotic hepatocytes express growth hormone receptors
(GHR), and the relationship between the GHR expression and
the staging of liver cirrhosis are not clear. So, we adopted
multiple techniques such as radioligand binding assay and RT-
PCR to measure the changes of GHR and its mRNA in an
experimental liver cirrhosis model at cellular and histological
levels for understanding of biological feature of expression of
GHR in cirrhotic hepatocytes.

MATERIALS AND METHODS

Induction of liver cirrhosis
Liver cirrhosis in rats was induced by daily intraperitoneal
injection of 3 % thioacetamide (TAA, Shanghai, China) 50 mg/
kg for 9 to 12 weeks[35, 36]. Two hundreds male Sprague-Dawley
rats (200-300 g, Medical Animal Center, Sun Yat-Sen
University) were randomized and allotted to two groups,
normal group (n=82) received saline intraperitoneally
everyday; and cirrhotic group (n=118) received drugs for
induction of hepatic cirrhosis. From each group, 80 rats were
available for analysis. Rats were fed with regular chow and
water ad libitum in cages placed in a room with 12-hour light-
dark cycle and constant humidity and temperature (25 ).
     At the 3rd, 6th, 9th, 12th week and the 15th week (3 weeks
after withdrawal of TAA) after induction of liver cirrhosis 10
rats from each group were fasted overnight and sacrificed. Liver
tissue samples were obtained after hepatic sinusoids were
flushed by perfusion of liver with normal saline through the
portal vein. Tissue samples from the right major liver lobe
were obtained and frozen in liquid nitrogen immediately and
then stored at -80  until use, or fixed in 10 % neutral buffered
formaldehyde solution and dehydrated and embedded in
paraffin for regular pathological examination.

Digital image analysis
Liver collagen content was calculated by histomorphometric
measurement in 4-µm sections with Masson’s trichrome stain.
Under photographic analytic microscope (Carl Zeiss Axiotron,
OPTON, Germeny), three random areas in each section of liver
slide were chosen and captured in RGB format with 24-bit
true colors at a resolution of 768×512 in real time by the JVC
ky-F30B 3-CCD color video camera with digital conversion
connected with a computer system of Kontron IBAS2.5
(OPTON, Germeny) for digital image analysis. The total area
and the area of fibrosis with positive staining were
automatically selected, outlined and evaluated by planimetry.
The relative content of collagen (RCC %) was expressed as a
percentage of positive staining area in the total area[37, 38].

Hepatocyte isolation
At 9-12 weeks of the study, livers in 10 rats from each group
were perfused in situ through portal vein with collagenase (type
IV, 90 or 120 U/ml)[39, 40]. Hepatocytes were isolated at 4  by
centrifugation (50×g, 5 min or 1×g, 10 min). Cells were re-
suspended for radio-ligand binding assay in RPMI 1640
medium without serum to a final concentration of 1.0×106 cell/
ml with a purity of more than 98 % and a viability of more
than 90 % determined by trypan-blue exclusion.

Total RNA isolation
Total RNA of liver tissue was prepared from 10 rats in each
group at the 9th week during the induction of cirrhosis by a
single-step method[41]. Integrity and quality of RNA were tested
by electrophoresis in 1 % agarose-formaldehyde gels stained
with ethidium bromide. The RNA concentration was evaluated

at spectrophotometric absorbance at 260 nm.

Primers for RT-PCR
Primers for the PCR amplification of GHR transcripts were
purchased from Sangon Co. (Shanghai, China). The primers
used for detection of GHR mRNA by RT-PCR were specific
for the intracellular domain of the rat GHR, thus excluding
detection of the smaller transcripts encoding GH-binding
protein (GHBP)[42]. The forward primer (GHR4548) was 5’-
*ATGTGAGATCCAGACAACG-3’ with the first base *A at
the 5’ end as an unmatched base of the original G and spanned
from 876 to 894 located in exon 7 and the reverse one 5’-
ATGTCAGGGTCATAACAGC-3’ spanned from 1 356 to
1 374 located in exon 10. The PCR product was supposed to
be 499 bp in length.

RT-PCR
RT-PCR was performed using the MasterAmpTM RT-PCR kit
(Epicentre, Madison, USA) for detection of GHR mRNA[43].
The procedure of RT-PCR was similar to that of literature[44].
Negative controls in RT-PCR included reactions in the absence
of RNA sample or primers or RT reaction to detect possible
contamination of genomic DNA in RNA samples. The
experiment was considered ineffective if there was any incidental
band in lane of negative control. 10 µl of each PCR products
was subjected to electrophoresis for about 1 hour on 1 % agarose
gel using electrophoresis apparatus (Bio-Rad, UK) and visualized
by staining with ethidium bromide. The bands were observed
using a ultraviolet gel device (UVI, UK) and captured into its
computer system for digital image analysis. The level of GHR
mRNA in each sample was expressed as: iOD (pixel)=the
average optical density of each band×its area (pixel).

Membrane microsome preparation
The microsomal liver membrane fraction was prepared by
differential centrifugation of liver homogenate according to
Papotti[45]. About 1 g tissue from rat livers was chopped and
homogenized with an electric homogenizer (Vorsicht,
Malaysia) in ice-cold (4 ) phosphate buffer (PBS) containing
0.25 M sucrose. The mixture was centrifuged at 1 500×g for
15 minutes. The supernatant was collected and centrifuged at
30 000×g for 30 minutes. The pellet was re-suspended in 3M
MgCl2 for 5 minutes to remove endogenous GH binding[46]

and centrifuged, the pellet was suspended in PBS. Protein
concentration of the solution was determined by Lowry method.

GH binding assay
In radioreceptor assay, 100 µl (approximately 20 000 cpm) of
125I-hGH (NEN Inc, Boston, USA) with a specific activity of
about 108 µCi/µg, 100 µl of unlabeled hGH in PBS and 100 µl
of liver membrane microsomes or liver cells were mixed and
incubated at 4  over night. Parallel incubations were performed
with various amounts of hGH (0-3nM divided into 7-9
concentration gradients) in duplicate. An excess of hGH was
used to determine nonspecific binding. At the end of the
incubation, bound and free hormones were separated by filtration
(0.18 µm mesh filters, Shanghai, China)[47]. The pellets on
membrane were subjected to a gamma counter (SNγ682, Rihuan,
Shanghai, China). GH binding affinity constant (Kd, nM) and
binding capacity (RT, fmol/mg protein) or numbers of 125I-GH
binding sites of hepatocytes (×104/cell) were calculated by
Scatchard analysis using the LIGAND program[48, 49].

Statistical analysis
Results were expressed as the mean ± SEM (x±s) and analyzed
by ANOVA and least significant difference (LSD) method with
an acceptance of significance as P<0.05.



RESULTS
Changes of lobular structure and RCC in the development of
liver cirrhosis
In control group, no evident pathological change of lobular
structure was found in liver tissue over 15 weeks. In cirrhotic
model group, 4 stages of pathological changes were manifested
during the development of liver cirrhosis: (1) scattered necrosis
and cellular degeneration at the 3rd week; (2) fibrous
proliferation at the 6th week; (3) pseudo-lobule formation at
the 9th week; (4) massive nodule formation at the 12th week
and (5) partial reversion of cirrhosis at the 15th week.
     In control group, there was no significant change of RCC
(P>0.05) among the different time points during the period of
15 weeks (Table 1). While compared with that of the control
group at the same time point, RCC kept no significant change
at the 3rd week (P>0.05) and increased significantly at the 6th,
9th, 12th and 15th week respectively (P<0.05) in the cirrhotic
model group. When compared among the different time points
in the cirrhotic model group, RCC increased gradually at the
3rd, 6th, 9th week and reached to its turning point at the 12th

week (P<0.05), then went down, but still above normal level
at the 15th week.

Table 1  Dynamic alteration of RCC, RT and Kd in cirrhotic
liver tissues

             RCC (%)         RT (fmol/mg protein) Kd (nM)
Time

   Control         Model       Control      Model      Control         Model
    Group         Group        Group       Group       Group         Group

3rd week   1.29±0.23     1.56±0.35     75.8±5.1    55.2±4.5b       0.62±0.03     0.61±0.07

6th week   1.19±0.21     10.8±2.5ab    77.3±4.3     42.6±2.1ab     0.64±0.05     0.58±0.06

9th week   1.16±0.18     20.2±3.6ab    74.9±3.9     30.8±1.9ab     0.61±0.09     0.60±0.04

12th week   1.27±0.25     28.0±4.3ab    73.2±5.4     17.5±2.5ab     0.60±0.08     0.59±0.07

15th week   1.13±0.24     15.2±2.6ab    71.5±4.9     20.8±1.6b      0.58±0.06     0.61±0.09

aP<0.05 vs a previous time point, bP<0.05 vs control group.  RCC:
relative content of collagen (%) indicating severity of liver fibrosis;
RT: total binding capacity of receptors (fmol/mg protein) corre-
sponding to the quantity of receptors;  Kd: dissociation constant
in equilibrium (nM) which is equal to the affinity of receptors.

GH binding in the development of liver cirrhosis
GH binding assay was carried out using liver membrane
microsomes from rats at different time points in various groups
and specific binding for 125I-hGH was detected in all samples.
The Scatchard analysis of GH binding capacity (RT) and affinity
(Kd) on each sample was performed and a single class of
specific GH-binding sites on liver cell membranes, that is GHR,
was revealed in both normal and cirrhotic liver tissue samples
by linear Scatchard plots (Figure 1).
     No significant change of RT and Kd was found in liver tissue
samples during the period of 15 weeks in control group (P>0.05)
(Table 1 and Figure 1). While compared with that of the control
group at the same time point, RT decreased significantly (P<0.05)
at the 3rd, 6th, 9th, 12th and 15th week although no change of Kd
was observed in cirrhotic model group. When compared among
the different time points in the cirrhotic model group, RT

decreased gradually at the 3rd, 6th, 9th week and reached to its
lowest point (P<0.05) at the 12th week, then increased but still
under normal level at the 15th week.
    The correlation analysis manifested a significant negative
linear correlation between RT and RCC in rat liver cirrhotic
tissue (r=-0.82, n=50, P<0.05) (Figure 2).

Quantitative analysis of GH binding sites on rats hepatocytes
There were linear Scatchard plots of normal and cirrhotic
hepatocytes, which indicated the presence of a single class of

specific GH-binding sites, GHR, on hepatocyte membranes.
The quantity of GH-binding sites (×104/cell) on hepatocytes
of cirrhotic model group (0.86±0.16) was significantly less
than that (1.28±0.24) in normal control group (n=10, P<0.05)
while the affinity (Kd, nM) of hepatocytes from model group
(0.56±0.08) and control group (0.61±0.11) was similar (n=10,
P>0.05).

Figure 1  Scatchard analysis of GH-binding in rat liver tissue.
Microsomes of liver tissues were incubated with 125I-labeled hGH
and increased concentrations of unlabeled hGH. The bound/
free radioactivity ratio (Y axis) was plotted as a rectilineal func-
tion of bound hormone (X axis). GH binding capacities
(Bmax=intercept on X axis, RT=Bmax/protein concentration) and
affinities (Kd=negative reciprocal of slope) were calculated from
the competition assays by Scatchard analysis.

Figure 2  Correlation between RT (quantity of GHR) and RCC
(degree of cirrhosis) in rat cirrhotic liver samples.

GHR mRNA detected by RT-PCR
A specific band of RT-PCR products (499 bp in length) was
detected in liver tissue samples from both control group and
cirrhotic model group, indicating that GHR mRNA was
expressed in both groups. The level of GHR mRNA (iOD, pixel)
in cirrhotic liver (23.3±3.1) was lower than that (29.3±3.4) in
normal liver (n=10, P<0.05) (Figure 3).

Figure 3  Comparison of GHR mRNA expression in liver tis-
sue in normal control group and cirrhotic model group (the
result of RT-PCR). Lane M: 100 bp DNA ladder;  Lane 1: Nor-
mal control group; Lane 2: Cirrhotic model group.
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DISCUSSION
Much has been done regarding the expression of GHR and
signal transduction[34, 47, 50, 51], but the expression of GHR in
some pathological states such as cirrhotic hepatocytes,
malignant cells is not clear. Chang[52] reported that 125I-rhGH
binding activity in 6 cases of hepatocellular carcinoma and
adjacent cirrhotic liver tissue could not be detected and believed
that the GHR in cirrhotic hepatic tissue disappeared although
the study only examined one aspect of the GHR, GH binding.
Another study[53] showed that specific binding of 125I-hGH in
liver tissue from liver transplant of 17 cases with end-stage
liver diseases was lower than that in normal control, but only
in 3 cirrhotic livers Scatchard analysis was performed for
calculation of GH binding capacity and affinity. In this setting
of tissue-based GH binding assay, it was not convincing enough
to clear up the controversy about the expression of GHR on
cirrhotic liver cells. So, GH binding assay at cellular level was
used to analyze the expression of GHR on hepatocytes or in
liver tissue of rats with cirrhosis. We have demonstrated that
the growth hormone receptor was expressed on cirrhotic
hepatocytes and lesser expression of GHR was found in a later
stage of cirrhosis.
    In present study, 125I-hGH binding activity of cirrhotic
hepatic tissue was studied with radioligand binding assay, and
a single class of growth hormone specific binding sites with
normal affinity was detected in the cirrhotic hepatic tissue,
which indicated the expression of GHR in cirrhotic hepatic
tissue. These results were compatible with those of clinical
specimens from liver transplants[53].
     The relationship between the GHR expression in cirrhotic
tissue and the stage of liver cirrhosis has not been reported. In
our study, 125I-hGH binding capacity (i.e. the quantity of GHR)
decreased significantly even in the early stage of cirrhosis,
and gradually decreased during the development of liver
fibrosis and dropped to the lowest level in late stage of cirrhosis
on week 12 after induction of hepatic cirrhosis, then increased
but still below the normal level after withdrawal of TAA. This
implicated that the quantity of GHR in liver tissue altered
dynamically without any significant change of GH binding
affinity over the development or recovery of liver cirrhosis. In
other words, GHR expression was suppressed in the process
of formation of liver cirrhosis. The more severe the cirrhosis
was, the more significant the down regulation of GHR
expression would be.
     GH binding varied among liver samples[47,53]. Our results
indicated that GH binding capacity in rat cirrhotic liver tissue
differed in various stages of liver cirrhosis, and only slight
variation (data not listed) of such binding was found in liver
tissue with the same time point during the development of
cirrhosis. Therefore, histological staging of liver cirrhosis was
one of the important factors predisposing the down-regulation
of GHR expression[54].
     Fibrotic tissue accumulated in the portal area during the
reconstruction of lobule of cirrhotic liver while hepatocytes
regenerated continuously after repeated necrosis in the
development of liver cirrhosis. The fibrous structure,
hepatocytes and interstitial cells with heterogeneous
distribution and various combination in cirrhotic tissue should
be considered respectively as we analyzed the expression of
growth hormone receptor. In the present study, the result of
GH-binding capacity (RT) in cirrhotic liver tissue indicated
the GHR expression on membrane microsomes in hepatocytes
and interstitial cells and could be affected by non-parenchymal
cells rather than fibrotic tissue[53]. The quantitative measurement
of GH binding sites on parenchymal cells from cirrhotic livers
had not been reported previously. Therefore Scatchard analysis
was resorted to again and a single class of growth hormone

specific binding sites with normal affinity was detected in
isolated cirrhotic hepatocytes, suggesting the expression of
GHR on cirrhotic hepatocytes disassociated in vitro. It was
found that the binding sites on cirrhotic hepatocytes was
significantly decreased as compared with that on normal
hepatocytes, which implied that cirrhotic hepatocytes expressed
GHR in a reduced level without any significant difference of
binding affinity. So, the decreased expression of GHR in
cirrhotic liver tissue should be attributed not only to
accumulation of interstitial cells but to the reduced expression
of GHR on cirrhotic hepatocytes themselves also.
     It is possible that the reduced level of GH binding is partly
owing to the reduced population of hepatocytes and increased
numbers of interstitial cells in cirrhotic livers. But the
mechanisms of the reduced GHR expression on cirrhotic
hepatocytes has not been defined yet. The reduced GH binding
level was unlikely due to changes in the receptor itself.
Occupancy of the receptors by endogenous GH and ligand-
induced internalization of GHR may affect the measurement
of the binding, since dissociation of GH from its receptor and
recycling of GHR is incomplete in several hours[55]. Therefore,
GH binding was determined on microsomes that had been
desaturated by exposure to 3M MgCl2 for 5 minutes[46]. It was
reported that the specific binding of 125I-labelled bovine GH to
a GHR-enriched low density membrane fraction from
regenerating rat liver was reduced to 10-35 % between 12 and
24 h and remained low until 48 h after partial hepatectomy[46],
which indicated the amount of functional GHR on hepatocytes
was decreased with repeated degeneration, necrosis and
regeneration in the microenvironment of cirrhosis. In this
situation several cytokines such as IL-1β , TNF-α and
glucocorticoids seemed to be involved in the likely mechanism
of the reduced GHR expression[40, 56, 57].
    It is necessary to investigate the changes of GHR and its
mRNA simultaneously in order to understand the biological
events at different levels. Shen[53] reported that the reduced
expression of GHR mRNA identified by ribonuclease
protection assay in human cirrhotic livers was in the similar
order of magnitude as reduction in GH binding. Relative
quantity of GHR mRNA in liver tissue of cirrhotic rats was
tested with RT-PCR assay and a similar result of our study
indicated that the expression of GHR mRNA in cirrhotic liver
tissue was lower than that in normal controls. Accordingly, it
was suggested that the reduced GH binding may be secondary
to reduced GHR gene expression and decreased GHR synthesis.
     In summary, GH binding assay with staging analysis of liver
cirrhosis was applied and our study showed that the growth
hormone receptor was expressed with normal binding affinity
on cirrhotic hepatocytes and expression of growth hormone
receptors in a later stage of cirrhosis reduced significantly.
These results implicated that there was a physiological basis
of GHR for GH action in cirrhotic livers, but the sensitivity of
cirrhotic hepatocytes to growth hormone might be decreased.
Further investigations should be concentrated on the signal
transduction of GHR in cirrhotic hepatocytes[58].
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Abstract
AIM: To investigate the effects of methionine/valine-depleted
enteral nutrition (EN) on RNA, DNA and protein metabolism
in tumor-bearing (TB) rats.

METHODS: Sprague-Dawlley (SD) rats underwent
jejunostomy for nutritional support. A suspension of Walker-
256 carcinosarcoma cells was subcutaneously inoculated.
48 TB rats were randomly divided in 4 groups: A, B, C and
D. The TB rats had respectively received jejunal feedings
supplemented with balanced amino acids, methionine-
depleted, balanced amino acids and valine-depleted for 6
days before injection of 740 KBq 3H- methionine/valine via
jejunum. The 3H incorporation rate of the radioactivity into
RNA, DNA and proteins in tumor tissues at 0.5, 1, 2, 4 h
postinjection of tracers was assessed with liquid scintillation
counter.

RESULTS: Incorporation of 3H into proteins in groups B
and D was (0.500±0.020) % to (3.670±0.110) % and
(0.708±0.019) % to (3.813±0.076) % respectively, lower
than in groups A [(0.659±0.055) % to (4.492±0.108) %]
and C [(0.805±0.098) % to (4.180±0.018) %]. Incorporation
of 3H into RNA, DNA in group B was (0.237±0.075) %
and (0.231±0.052) % respectively, lower than in group
A (P<0.01). There was no significant difference in uptake
of 3H by RNA and DNA between group C and D (P>0.05).

CONCLUSION: Protein synthesis was inhibited by
methionine/valine starvation in TB rats and nucleic acid
synthesis was reduced after methionine depletion, thus
resulting in suppression of tumor growth.

He YC, Cao J, Chen JW, Pan DY, Zhou YK. Influence of methionine/
valine-depleted enteral nutrition on nucleic acid and protein
metabolism in tumor-bearing rats. World J Gastroenterol  2003;
9(4): 771-774
http://www.wjgnet.com/1007-9327/9/771.htm

INTRODUCTION
Parenteral nutrition (PN) is now a supportive therapy commonly
used for cancer patients. However, some studies have suggested
that PN with amino acid balanced solutions may prompt tumor

growth[1-3]. Previous studies have shown that tumor growth was
inhibited by a diet or PN lacking in methionine/valine. However,
the mechanism is not yet known[4-15]. In this study, we prepared
methionine/valine-free amino acid imbalance solutions to
investigate the effects of methionine/valine depleted EN on
RNA, DNA and protein metabolism in TB rats.

MATERIALS AND METHODS

Radiopharmaceuticals
3H-methionine (3H-Met, specfic activity of 148 MBq·mg-1) and
3H-valine (3H-Val, specfic activity of 240 MBq·mg-1) was
purchased from Chinese institute of atomic energy. The
radiochemical purity was over 95 %.

Catheterization of jejunostomy
SD rats weighing (160±20) g  were purchased from the animal
center of Wuhan University, China. They were allowed to
acclimate for one week. After fasting for 12 hours, rats were
anesthetized with i.p. sodium pentobarbital (40 mg·kg-1). The
animals were undergone catheterization of jejunostomy (day
0). A silicone rubber catheter (2 mm ID, 3 mm OD) was inserted
into the proximal jejunum. The catheter passed through a
subcutaneous tunnel and emerged between the scapulae. The
catheter was sutured to the animal’s back to protect the lines
and was connected to a swivel so that animals can move without
any restrictions in individual metabolic cages. The cannulation
system consists of an microinfusion pump, a swivel, rat-harness
and a silicone-tube-jejunostomy. Coprophagy was prevented
by an own model of faecal collection cup. Animals were fasted
for 48 hours after operation but they were provided with water
ad libitum, and then given normal rat diets.

Preparation of TB rats
Walker-256 carcinosarcoma cells were obtained from Chinese
Center of Culture Preservation. On day 0, the rats were
inoculated subcutaneously in the right flank with 107 tumor
cells of approximately 0.1 ml of cell suspension. Tumors were
palpable in 7 days after transplantation.

Jejunal feeding
Enteral feedings were found to be a safe and cost-effective
method for providing nutrition to cancer-bearing patients. On
day 8, 48 TB rats were randomly divided into four groups (12
rats per group) and received enteral nutrition (jejunal feeding):
Group A: TB rats were fed enteral nutrition solutions composed
of balanced amino acids for 6 days before injection of 740
KBq 3H-MET.
    Group B: TB rats were fed methionine-depleted enteral
nutrition solutions for 6 days before injection of 740 KBq 3H-
Met.
    Group C: TB rats were fed enteral nutrition solutions
composed of balanced amino acids for 6 days before injection
of 740 KBq 3H-Val.
      Group D: TB rats were fed valine-depleted enteral nutrition
solutions for 6 days before injection of 740 KBq 3H-Val.
      TB rats received continuous jejunal tube infusion with pump
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for nutritional support at a daily dose of 330 ml·kg-1, non-
protein calorie was approximately 1160K  J·kg -1.  A
microinfusion pump was used for constant administration of
EN solutions. TB rats were not fed during the entire infusion
experiment, however they had free access to water.

Composition of amino acid solutions
Table 1 lists the components of amino acid solutions.

Table 1  Composition of amino acid solutions (g·L-1)

Amino acids             Balanced amino      Methionine-depleted      Valine-depleted
acids (Group A, C)            (Group B)                   (Group D )

Isoleucine 5.5   5.5         5.5

Leucine 7.5   7.5         7.5

Lysine 7.0   7.0         7.0

Methionine 6.0     -         6.0

Phenylalanine 4.0   4.0         4.0

Threonine 5.0   5.0         5.0

Tryptophan 1.5   1.5         1.5

Valine 6.0   6.0            -

Arginine 6.0   6.0         6.0

Histidine 3.0   3.0         3.0

Proline 4.0   4.0         4.0

Tyrosine 1.0   1.0         1.0

Alanine                        20.0 20.0       20.0

Glycine 7.5   7.5         7.5

Aspartic acid 4.0   4.0         4.0

Total amino acid                       88.0 82.0       82.0

Total N                       14.1 13.1       13.1

Composition of EN solutions
Table 2 summarizes the daily EN compositions infused into
various groups.

Table 2  Compositions of EN solutions (ml·L-1)

Amino acids           Balanced amino     Methionine-depleted    Valine-depleted
        acids (group A, C)           (group B)       (group D)

Amino acid solutions       350       350           350

50 % Glucose       300       300           300

20 % Intralipid       100       100           100

Electrolytes, vitamine       250       250           250

Total calorie (KJ·L-1)    3 513.3    3 507.9                        3 507.9

Total N (g·L-1)           4.9           4.6               4.6

Non-protein calorie/N       122       131           131

Specimen sampling
After the infusions were completed, three rats per group were
respectively killed by cervical dislocation at 0.5, 1, 2 and 4
hours postinjection of tracers. The whole tumor was dissected
and used for the tissue uptake of radioactivity.

Nucleic acid and protein analysis
To assess the incorporation of the radioactivity into
macromolecular materials, portions of the tumor tissues (70-
120 mg) were divided into the acid-soluble fraction (ASF) and
the acid-precipitate fraction (APF). Radiolabeled APF was
divided into four fractions: lipids, RNA, DNA and proteins.
To analyze 3H-Met and 3H-Val metabolites, the tumor tissues
were homogenated in 1 ml of ice-cold 0.4 M HClO4. The
homogenate was centrifuged at 3 000 rpm for 5 min. The
precipitate was resuspended in 1 ml of 0.4 M HClO4. This
wash was repeated twice. The precipitate was resuspended in
5 ml of CHCl3: CH3OH (2:1,V/V). After centrifugation at 3 000

rpm for 10 min, the CHCl3: CH3OH phase was separated. This
extraction was repeated twice. The combined CHCl3: CH3OH
fraction contains radiolabeled lipids. The precipitate was
dissolved in 1 ml of 0.3 M KOH. After incubation of the
solution at 37  for 1 hour to hydrolyze RNA, 0.32 ml of 3 N
HClO4 was added. The mixture was kept on ice for 5 min. The
precipitate was then separated and washed with 1 ml 0.5 M
HClO4 as described above. The combined supernatant was
designated as the alkaline-labile fraction containing the RNA
hydrolysate. The precipitate was resuspended in 1 ml of 0.5 M
HClO4 and heated at 90  for 15 min to hydrolyze DNA. The
solution was kept on ice for 5 min, and precipitate was separated
and washed with 0.4 M HClO4 twice. The combined
supernatant and the final precipitate were assessed as the acid-
labile fraction containing hydrolysates of DNA and protein
fraction, respectively.
    The radioactivities of fractions were counted by liquid
scintillation counter. The tissue radioactivity was expressed
as differential uptake ratio (DUR).

  Counts of tumor tissue (cpm)/sample weight (g)
DUR=

     Injection dose counts (cpm)/body weight (g)

Statistical analysis
Student t test was used to examine the data. The difference
was considered significant when P value was less than 0.05.

RESULTS
Three TB rats died of intestinal fistula, diarrhea, infection of
abdominal cavity. Table 3 represented incorporation of 3H into
nucleic acids and proteins in TB rats after treatment.

Table 3  Incorporation (DUR,%) of 3H into nucleic acids and
proteins in TB rats after treatment

Group 0.5 h              1 h           2 h       4 h

RNA A      0.208±0.002      0.300±0.002      0.349±0.007      0.405±0.007c

B       0.149±0.012      0.249±0.009      0.260±0.010      0.389±0.010

C      0.200±0.007      0.250±0.036b     0.283±0.029ac    0.326±0.014c

D      0.180±0.013      0.210±0.024      0.300±0.034      0.320±0.030b

DNA A      0.210±0.013      0.300±0.020      0.339±0.039      0.400±0.002c

B       0.179±0.010a     0.204±0.039a     0.240±0.028a     0.300±0.015b

C      0.200±0.011      0.250±0.040      0.283±0.031c     0.340±0.057c

D      0.180±0.015      0.220±0.024      0.308±0.007      0.320±0.035

Proteins A      0.659±0.055      2.410±0.149      3.450±0.125      4.492±0.108c

B       0.500±0.020b     2.000±0.203b     2.890±0.090bc    3.670±0.110b

C      0.805±0.098          2.510±0.010      3.540±0.101c     4.180±0.018c

D      0.708±0.019      1.887±0.020b     2.916±0.085b     3.813±0.076b

aP<0.05, bP<0.01, vs group A or C. cNumber of rats=2.

DISCUSSION

Influence of Methionine/Valine-depleted enteral nutrition on
protein metabolism in TB rats
Patients with malignant tumors often show severe protein-
amino acid metabolism disorder and uncorrectable negative
nitrogen balance. Researchers have begun to reconsider the
prescription of amino acid imbalance solution for cancer
patients. Total parenteral nutrition deprived of methionine or
valine cause tumor growth inhibition, but also have no
significantly negative influences on the host animals[16-18].
     Table 3 shows the 3H incorporation rate in tumor tissues at



various times after 3H-Met/Val injections. Regardless of
Methionine/Valine-depleted enteral nutrition, the radioactivity
into nucleic acids and proteins increased with time. In proteins
we found an accumulation of the label which was up to 3-10-
fold higher than in DNA and RNA. It represents the principle
pathway for methionine and valine anabolism. Accumulation
of 3H-Met/Val into malignant tissue is thought to be due to
amino acid metabolism of cancer cells such as increased active
transport and incorporation of amino acid into protein fractions.
In the complete absence of Methionine or Valine, the 3H
incorporation rate of the radioactivity into proteins in tumor
tissues was from 75.8 % to 87.9 % of the control value. That is
to say, in agreement with Xiao’s study[5], protein synthesis was
inhibited by methionine/valine depletion, in this case
suppressing tumor growth[19-26].
    Although essential amino acids are indispensable for
physical well-being, the body lacks the ability to synthesize
these compounds. Amino acids are an important materials of
protein synthesis, amino acid imbalance are considered to
principally involving alterations in intracellular protein
synthesis, the deprivation of essential amino acids (Met, Val)
leads to inhibit activity of tumor growth[27,28].

Influence of Methionine/Valine-depleted enteral nutrition on
RNA and DNA in TB rats
Methionine adenosyltransferase is the enzyme which is
responsible for the synthesis of S-adnosyl-L-methionine (SAM)
using methionine and adnosine triphosphate (ATP). Most of
SAM are used in transmethylation reaction in which methyl
groups are added to compounds and SAM is converted to S-
adenosylhomocysteine. SAM is the principal biological methyl
donor. SAM can easily transfer its methyl group to a large
variety of acceptor substrates including rRNA, tRNA, mRNA,
DNA, proteins, phospholipides, biological amines, and a long
list of small molecules[29-33]. So 3H-Met is also incorporated
into nucleic acids by transmethylation via S-adenosyl-L-
methionine. Methionine depleted enteral nutrition can decrease
methylation of tumor tissues and lead to further reduction in
nucleic acid synthesis and inhibition of cancer growth at
molecular levels.
     Table 3 showed that the RNA and DNA incorporation rate
in group B was lower than in control group (group A). Based
on these findings, cancer cells were known to have lower levels
of DNA and RNA synthesis on methionine-depleted enteral
nutrition.
     Theoretically, it is considered that 3H-Val is incorporated
into proteins but not into other high-molecular materials such
as nucleic acids. The incorporation of 3H-Val was detected in
nucleic acids at negligible amounts, which possibly reflects
contamination by labeled proteins during the experimental
processes. However, because no metabolic pathway for the
DNA incorporation of 3H-Val is considered, the radioactivity
in the acid-labile fraction is probably derived from basic
proteins such as chromosomal histones.
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Abstract
AIM: To study the effect of progesterone on contractile
activity of isolated gastric strips in rats.

METHODS: Wistar rats were sacrificed to remove whole
stomach. Then, the stomach was opened and the mucosal
layer was removed. Parellel to either the circular or the
longitudial fibers, muscle strips were cut from fundus, body,
antrum and pylorus. Each muscle strip was suspended in a
tissue chamber containing 5 mL Krebs solution. Then the
motility of gastric strips in tissue chambers was simultaneously
recorded. The preparations were subjected to 1 g load tension
and washed with 5 ml Krebs solution every 20 min. After
1 h equilibration, progesterone or antagonists were added
in the tissue chamber separately. The antagonists were
added 3 min before using progesterone (50 µmol·L-1).

RESULTS: Progesterone decreased the resting tension of
fundus and body longitudinal muscle (LM) (P<0.05). It
inhibited the mean contractile amplitude of body and antrum
LM and circular muscle (CM), and the motility index of pyloric
CM (P<0.05). The inhibition of progesterone on the mean
contractile amplitude could be partially blocked by
phentolamine in LM of the stomach body (the mean
contractile amplitude of body LM decreased from -7.5±5.5
to -5.2±4.5 P<0.01), and by phentolamine or indomethacin
in CM of body (The inhibition of progesterone on the mean
contractile amplitude of body CM decreased from -5.6±3.0
to -3.6±2.7 by phentolamine and from -5.6±3.0 to -3.5±2.5
by indomethacin, P<0.01). Hexamethonium, propranolol and
L-NNA (inhibitor of NO synthetase) didn’t affect the action
of progesterone (P>0.05).

CONCLUSION: The study suggested that progesterone can
inhibit the contractile activity of isolated gastric strips in rats
and the mechanism seems to be a direct one except that
the action on gastric body is mediated through prostaglandin
and adrenergic α receptor partly.

Wang F, Zheng TZ, Li W, Qu SY, He DY. Action of progesterone
on contractile activity of isolated gastric strips in rats. World J
Gastroenterol  2003; 9(4): 775-778
http://www.wjgnet.com/1007-9327/9/775.htm

INTRODUCTION
Nausea and vomiting are extremely common complaints of
pregnancy and may precede even the patients are aware that
she is pregnant[1-4]. However, it’s mechanism is poorly
understood. The questions of whether gastric emptying of
solids and liquids differs in men and women and whether
emptying is influenced by the action of sex hormones on gastric
smooth muscle remain unresolved[5-8]. Whether gastric
emptying of solids and liquids differs in women during the
menstrual cycle is controversial[9-12]. The results of several
clinical and physiological studies have suggested that the
aforementioned complaints of pregnancy may be related, at
least in part, to decrease of resting tension within the lower
esophageal sphincter and changes in gastric motility[3,13-15]. The
fact that a high serum sex hormone concentration is the
characteristic of pregnancy tempts researchers to investigate
the hormonal factor associated with gastrointestinal
dysmotility. However, so far, the effect of pregnancy and sex
hormone on gastric motility remains controversial. We studied
the action of progesterone on the gastric strips in rats and
explored the possible mechanism concerned.

MATERIALS AND METHODS
Materials
Progesterone, purchased from sigma, was dissolved and diluted
in 1, 2-propanecol; hexamethonium and Nw-Nitro-L-Arginine
(L-NNA), Sigma; indomethacin,  Jiangsu Taicang
Pharmaceutical Factory; propranolol, Beijing Second
Pharmaceutical Factory; Phentolamine, Beijing Thirteen
Pharmaceutical Factory; 1, 2-propanecol, Tianjing Chemical
Factory; Krebs buffer solution [(mmol·L-1: NaCl 120. 6, KCl
5.9, NaH2PO4 1.2, MgCl2 1.2, NaHCO3 15.4, CaCl2 2.5,
C6H12O6 11.5, pH=7.4)].
    JZ-BK external isometric force transducer, BK company;
LMS-ZB two channel recorder, Chengdu Equipment Factory.
     Wistar rats, 200-250 g, were provided by the Animal Center
of Lanzhou Medical College.

Methods
Wistar rats were fasted with free access to water for 24 h, and
sacrificed to remove whole stomach. Then, the stomach was
opened along the great curvature, and rinsed with Krebs
solution. The stomach was pinned on a wax block with mucosa
side up, and the mucosal layer was gently rubbed with a
tweezers. Parellel to either the circular or the longitudial fibers,
muscle strips (8×2 mm) were cut and named logitudinal muscle
(LM) of fundus, circular muscle (CM) and LM of body and
antrum and CM of pylorus[16,17].
      Each muscle strip with the mucosa removed was suspended
in a tissue chamber containing 5 mL Krebs solution, constantly
warmed by circulating water jacket at 37  and supplied with
95 % O2 and 5 % CO2. One end of the strip was fixed to a hook
on the bottom of the chamber while the other end was
connected by a thread to an external isometric force transducer
at the top. Motility of gastric strips in tissue chambers were
simultaneously recorded on recorders. Preparations were
subjected to 1 g load tension and washed with 5 ml Krebs
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solution every 20 min. After 1 h equilibration, progesterone
(5, 10, 50 µmol·L-1) or antagonist was added in the tissue
chamber (all were the final concentration) separately 3 min
before using progesterone (50 µmol·L-1)[16-20].

Analysis of data
We measured the resting tension of all strips, the mean
contractile amplitude of body and antrum strips, and the
motility index (MI= [amplitude×duration]) of pyloric strip.
Frequencies of contraction were determined by counting the
contraction waves. Values of the results was presented as x±s.
Statistical significances were measured by t test[16,17].

RESULTS

Effect of progesterone on spontaneous contraction of gastric
strips
Progesterone significantly decreased the resting tension of
fundus and body LM (Table 1). It decreased the mean
contractile amplitude of body and antrum, and the motility
index of pylorus (Table 2). However it didn’t influence the
gastric contractile frequency (P>0.05).

Effect of antagonists added  progesterone on spontaneous
contraction of gastric strips
Hexamethonium (10 µmol·L-1), L-NNA (100 µmol·L-1) or
propranolol (1 µmol·L-1) added 3 min before admistrated
progesterone didn’t influence the decreasing effect of
progesterone on the gastric strips in rats (P>0.05), but
phentolamine (1 µmol·L-1) partly blocked its effect on the mean
contractile amplitude of body LM and CM, and indomethacin
(10 µmol·L-1) also decreased the effect on the mean contractile
amplitude of body CM (Table 3).

DISCUSSION
It has been shown from humans and animals that pregnancy is
associated with alternations in the motor activity of the
gastrointestinal tract, such as decreased gallbladder
contractivity and lower esophageal sphincter pressure,  reduced
gastric emptying, small intestine and colonic transit[13-15,21-29].
Although the factors responsible for the impaired gastric
motility are obscure, there is evidence to suggest that pregnancy
is associated with disturbances in the myoelectric and
mechanical properties of gastrointestinal smooth muscle.

Table 1  Effect of progesterone on the resting tension of gastric smooth muscle in rats

Resting tension/g
Progesterone µmol·L-1

   Fundus                    Body Antrum   Pylorus

      LM      LM            CM      LM    CM        CM

5 -0.08±0.12a           -0.008±0.08              0 0.01±0.05      0          0

10 -0.08±0.08b             -0.05±0.11       -0.03±0.06 0.04±0.09      0          0

50 -0.09±0.06d             -0.12±2.0a        0.01±0.15 0.02±0.04      0 -0.03±0.10

The values were expressed as differences in resting tension between 3 min before and after the addition of progesterone (5, 10 and
50 µmol·L-1) (The same in Tab 2). The resting tension of each strip in control (progesterone 0 µmol·L-1) was 1. LM: longitudinal
muscle; CM: circular muscle. x±s, n=12, aP<0.05, bP<0.01, dP<0.001, vs control by paired t test.

Table 2  Effect of progesterone on the mean contractile amplitude of body and antrum, and the motility index of pylorus in rats

Contractile amplitude/mm Motility index/cm.s-1

Progesterone µmol·L-1

         Body Antrum Pylorus

     LM     CM     LM     CM    CM

5 B 13.4±17.0 12.0±13.2 13.6±8.6 14.1±15.0  92.4±16.2

C   0.2±0.4  -0.9±3.0  -0.5±0.8a  -0.8±1.7    1.7±4.8

10 B 12.8±17.6 11.2±14.0 14.0±7.1 13.6±12.9  98.5±20.0

C  -2.1±3.8a  -1.5±1.6b  -1.8±2.0b  -3.1±1.8d -22.5±16.6d

50 B 12.0±16.9 11.8±12.9 12.6±8.0 12.6±14.8 110.2±22.8

C  -7.5±5.5a  -5.6±3.0d  -5.4±3.8d  -5.8±3.8d  -47.4±31.2d

B: basic values in 3 min before addition of progesterone; C: changes in 3 min after addition of progesterone (The same in Tab 3).
x±s, n=12. aP<0.05, bP<0.01, dP<0.001, vs corresponding B by paired t test.

Table 3  Effect of progesterone on the mean contractile amplitude of body after indomethacin or phentolamine pretreatment in rats

Contractile amplitude/mm
Gastric body muscle

           Pr  I    +    Pr   Ph    +    Pr

B        C B           C     B             C        B C        B C

LM       12.0±16.9       -7.5±5.5b       12.9±17.1       -0.1±6.0       12.5±18.4       -8.2±6.9b       12.1±19.2       1.4±3.8       15.4±16.5       -5.2±4.5d

CM       11.8±12.9       -5.6±3.0b       12.2±14.0        1.2±5.2       12.6±13.2       -3.5±2.5d       11.7±12.6       0.2±0.5       11.4±13.0       -3.6±2.7d

Phentolamine (1 µmol·L-1) or indomethacin (10 µmol·L-1) was added 3 min before the addition of progesterone (50 µmol·L-1). x±s,
n=12. Pr: progesterone, I: indomethacin, Ph: phentolamine. bP<0.001 vs corresponding B by paired t test; dP<0.01 vs Pr alone by
two samples mean t test.



     In our study, progesterone decreased the resting tension of
fundus, which might be a cause of changed gastric motility
during pregnancy. It had been agreed that decreased fundic
resting tension mainly influenced the gastric emptying of
liquids. Ryan also reported[30] that pregnancy was associated
with decreased gastric emptying of liquids in the guinea pig.
The observation in our study that hexamethonium, L-NNA
and propranolol didn’t influence the effect of progesterone
suggesting that the action of progesterone was not mediated
via NO, β or N1 receptors. Since phentolamine blocked partly
the effect of body LM and CM, and indomethacin decreased
that of body CM showed that the effect of the hormone on body
LM partly via a receptor, and on body CM via prostaglandin
and a receptor. In addition, the effect of progesterone might act
on gastric smooth muscle cells directly. Progesterone receptor
had been found in normal human gastric tissues. Another
evidence was addition of progesterone to isolated denervated
gallbladder muscle strips inhibited contraction in response to
both acetylcholine or cholecystokinin[31].
     Parkman reported[14] that spontaneous and bethanechol
induced phasic antrum contraction of pregnant guinea pigs
were significantly reduced in force compared with control
virgin animals, and intracellular electrical recordings were
obstained from antral smooth muscle cells to investigate the
mechanism of the decreased contractivity of antral smooth
muscle during pregnancy. The results showed that there were
similar resting membrance potentials, slow wave frequency
and slow wave duration vs those of the control, but the upstroke
amplitude, plateau amplitude and number of spike per slow
wave decreased significantly. Further study suggested that the
decreased force of spontaneous antral contractions was
associated with a reduction in the underlying electrical slow
wave depolarization. Electrogastrogram recordings also
suggested that gastric dysrhythmias were objective
pathophysiologic event associated with symptoms of nausea
and vomiting during pregnancy[14,32,33].
      Exogeneous progesterone also inhibited the myoelectric
and mechanical activity of gastrointestinal smooth muscle.
Electrical spike potentials recorded from chronically implanted
electrodes in the antrum and jejunum of ovariectomized dogs
by Milenory decreased after 4 d of progesterone addition (2
mg·kg-1·d-1) and the propagation velocity of the basic electrical
rhythm from the antral region of the progesterone-treated
animals also decreased[34]. In another example, progesterone
had been shown to reduce the propagation velocity of
gestrointestinal slow waves possibly by decreasing the degree
of electrical coupling between smooth muscle cells[35].
Dysrhythmias were also induced in healthy, nonpregnant
women by administration of progesterone in the dose that
reproduces plasma level seen in pregnancy. The above results
suggested that the inhibitory effect of progesterone on the
gastric smooth muscle may contribute to the gastric dysmotility
during pregnancy.
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Abstract
AIM: To study the relative efficacy of cisapride,
metoclopramide, domperidone, erythromycin and mosapride
on gastric emptying (GE) and small intestinal transit (SIT)
in morphine treated mice.

METHODS: Phenol red marker meal was employed to
estimate GE and SIT in Swiss albino mice of either sex. The
groups included were control, morphine 1 mg/kg (s.c. 15
min before test meal) alone or with (45 min before test
meal p.o.) cisapride 10 mg/kg, metoclopramide 20 mg/kg,
domperidone 20 mg/kg, erythromycin 6 mg/kg and
mosapride 20 mg/kg.

RESULTS: Cisapride, metoclopramide and mosapride were
effective in enhancing gastric emptying significantly (P<0.001)
whereas other prokinetic agents failed to do so in normal
mice. Metoclopramide completely reversed morphine induced
delay in gastric emptying followed by mosapride.
Metoclopramide alone was effective when given to normal
mice in increasing the SIT. Cisapride, though it did not show
any significant effect on SIT in normal mice, was able to
reverse morphine induced delay in SIT significantly (P<0.001)
followed by metoclopramide and mosapride.

CONCLUSION: Metoclopramide and cisapride are most
effective in reversing morphine-induced delay in gastric
emptying and small intestinal transit in mice respectively.

Suchitra AD, Dkhar SA, Shewade DG, Shashindran CH. Relative
efficacy of some prokinetic drugs in morphine-induced
gastrointestinal transit delay in mice. World J Gastroenterol
2003; 9(4): 779-783
http://www.wjgnet.com/1007-9327/9/779.htm

INTRODUCTION
Opioids are effective analgesics for moderate to severe pain[1].
Morphine is the most commonly prescribed opioid agonist for
the treatment of chronic pain[2, 3]. However, when opioids are
given to alleviate pain they cause undesirable gastrointestinal
(GI) side effects namely nausea, vomiting and reduced
gastrointestinal transit[4]. Reduced GI transit can cause
gastroesophageal reflux disease, bloating and idiopathic
constipation[5].
     The pathophysiology of GI delay due to opioids has been
well described. Possible etiologies include increased stationary
segmentation, reduced peristalsis and depression of secretory
activity[6]. Due to the paucity of the data to guide practitioners

in the management of GI side effects of opioids much of the
information is extrapolated from different patient populations
experiencing the same symptoms due to different etiologies.
     Use of opioid antagonists such as naloxone, nalmefene, for
opioid-induced GI delay[7-10], is limited by their cost and
tendency to cause withdrawal symptoms in the doses used[10,11].
Peripherally acting methyl naltrexone and ADL-2698
(Alvimopan) are in the stage of investigational[11].
     Mosapride, cisapride, metoclopramide, erythromycin and
domperidone are commonly used prokinetic agents. At present,
the data supporting their relative efficacy in opioid induced
GI delay are lacking. Further their distinct mechanism of action
leaves a scope for variation in their efficacy. The present work
attempts to study the relative efficacy of various prokinetic
drugs such as cisapride, metoclopramide, domperidone,
erythromycin and mosapride on small intestinal transit (SIT)
and gastric emptying (GE) in morphine treated mice.

MATERIALS AND METHODS

Animals
Randomly bred healthy adult Swiss albino mice of either sex
weighing between 20-25 g were obtained from JIPMER animal
house, Pondicherry. One week prior to the experimentation,
six mice were housed in separate cages and had free access to
food and water. The experiments were conducted between
09:00 AM and 1:00 PM.  The animals were fed with the pellets
obtained from Prestige Agro-industries, Aurangabad. The study
was approved by the institutional animal ethics committee.

Drugs and chemicals
Morphine sulphate (Govt. opium and alkaloid works,
Ghazipur), cisapride (Torrent Pharmaceuticals, Ahmedabad),
metoclopramide hydrochloride (Ipca laboratories Ltd.,
Mumbai),  domperidone (Torrent Pharmaceuticals,
Ahmedabad) ,  erythromycin e thylsucc inate  (Emil
pharmaceutical industries Pvt Ltd, Thane), mosapride citrate
(Alembic chemical works Co. Ltd. Vadodara) and Thiopentone
sodium (Abbot laboratories, Mumbai) were used. Other
chemicals used were of analytical grade. Carboxymethyl
cellulose (1 %, 0.2 ml) was used as vehicle to administer
prokinetic drugs.

Phenol red meal
Phenol red indicator weighing 25 mg was dissolved in 50 ml
of distilled water and filtered. The filtrate was heated to 70 
and methylcellulose (0.75 g) was added to it with continuous
stirring. The mixture was then cooled to 37 .

Gastric emptying (GE) and small intestinal transit (SIT)
The standard method of phenol red marker meal as performed
by earlier workers was employed[12,13]. Mice were deprived of
food for 24 h prior to experimentation but had free access to
water, and 0.5 ml of phenol red meal was administered with
the aid of the oral feeding syringe. Animals were killed by
cervical dislocation under i.v. thiopentone sodium anesthesia
15 min after the administration of the meal. Abdomen was
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opened and stomach was dissected out after careful ligation at
the cardiac and pyloric ends, and was washed with normal
saline. The stomach was cut into pieces and homogenized with
25 ml of 0.1 N NaOH. To this 5 ml homogenate 0.5 ml of
trichloroacetic acid (20 %w/v) was added and centrifuged at
3 000 rpm for 20 minutes. To one ml of supernatant 4 ml of
0.5 N NaOH was added. The absorbance of this pink colored
liquid was measured using spectrophotometer at 560nm
(Model: HITACHI 150-20). This correlates with the
concentration of phenol red in the stomach, which in turn
depends upon the gastric emptying. The percentage gastric
emptying is derived as (1-X/Y) 100 where, X is absorbance of
phenol red recovered from the stomach of animals sacrificed
15 minutes after test meal. Y is mean (n=5) absorbance of
phenol red recovered from the stomachs of control animals
(killed at 0 min following test meal).
     The small intestine was dissected out from the pylorus and
ileocaecal junction and the point to which meal had traversed
was secured with thread to avoid change in the length of the
transit due to handling. The total length of the small intestine
and distance traveled by phenol red meal was measured. The
small intestinal transit (SIT) was calculated considering the
distance traveled by phenol red meal divided by total length
of the small intestine multiplied by 100. Small intestinal transit
was expressed as mean ±sem. The observer was blinded for
the drugs administered to the mice.

Drug treatment
Control groups received the equal volumes of vehicle through
corresponding routes. The groups included were control, morphine
1 mg/kg (s.c.), cisapride 10 mg/kg (p.o.), metoclopramide
20 mg/kg (p.o.), domperidone 20 mg/kg (p.o.), erythromycin
6 mg/kg (p.o.) and mosapride 20 mg/kg (p.o.). The doses
were selected based on the earlier reports[14,17], recommended
clinical doses[18,20] and prior pilot experiments. Cisapride,
metoclopramide, domperidone, erythromycin and mosapride
in the dose mentioned above were given alone 45 minutes before
the administration of phenol red meal.  Morphine (s.c.) was
injected 15 minutes before the administration of the meal.

Statistical analysis
Statistical analysis was carried out using Graph pad (Prism)
soft ware. One way analysis of variance (ANOVA) for small
intestinal transit and gastric emptying was applied separately
followed by bonferroni post-test for multiple comparisons.
Values were expressed as mean ± sem.  P<0.05 was considered
significant.

RESULTS
Since significant difference was not noticed among inter-day
and animals receiving saline or 1 % carboxymethyl cellulose,
data from these groups were pooled to serve as control group.
Similar results obtained from morphine (1 mg/kg s.c.) treated
groups were pooled. Morphine in the dose of 1 mg/kg (s.c.)
caused significant decrease (61 %) in SIT (P<0.001) and (43 %)
in gastric emptying (P<0.05).

Gastric emptying
Cisapride, metoclopramide and mosapride in the doses
employed increased gastric emptying significantly (P<0.001)
by 126 %, 102 %, 89 % respectively compared with control
animals, while domperidone and erythromycin failed to show
any significant effect (Table 1, Figure 1). When combined with
morphine (1 mg/kg s.c.) only metoclopramide and mosapride
reversed morphine induced delay significantly (P <0.05) (Table
2, Figure 2).

Figure 1  Percentage increase in gastric emptying by various
prokinetic agents in mice. (aProkinetic agents were adminis-
tered 45 minutes orally prior to the test meal).

Figure 2  Effect of prokinetic agents on morphine induced de-
lay of gastric emptying in mice. (aProkinetic agents were ad-
ministered 45 minutes orally and morphine (s.c.) 15 minutes
prior to test meal).

Table 1  Effect of prokinetic agents on gastric emptying and
small intestinal transit in mice

Treatment* (mg/kg)    GE (%)    SIT(%)

Control 41.15±3.76 51.11±1.59
Cisapride (10) p.o. 92.98±1.76a 61.46±3.01
Metoclopramide (20) p.o. 83.14±5.59a 76.63±2.13a

Domperidone (20) p.o. 48.15±2.31 58.94±1.25
Erythromycin (6) p.o. 39.08±5.10 52.91±1.50
Mosapride (20) p.o. 77.88±0.54a 57.53±1.19

Each value represents mean±sem, n=10 in control group and
n=5 in prokinetic drug treated group. *prokinetic agents were
given 45 minutes prior to test meal. aP<0.001 vs the control group.

Table 2  Effect of prokinetic agents on morphine induced de-
lay in gastric emptying and small intestinal transit in mice

Treatment* (mg/kg)    GE (%)     SIT(%)

Control 41.15±3.76 51.11±1.59
Morphine(1) s.c. 23.30±2.83a 19.73±1.25b

Morphine (1) s.c. +
Cisapride (10) p.o. 32.34±2.52 46.28±2.00d

Metoclopramide (20) p.o 42.77±2.04c 34.01±1.75d

Domperidone (20) p.o 32.16±3.48 28.63±2.47
Erythromycin (6) p.o 29.39±2.53 31.19±1.08
Mosapride (20) p.o 38.59±1.98c 38.01±1.61d

Each value represents mean ±sem, n=5 in treatment group and
n=10 in control and morphine treated group. * prokinetic agents
were given 45 minutes and morphine 15 minutes prior to the
test meal. aP<0.05 and bP<0.001 vs control group. cP<0.05 and
dP<0.001 vs morphine treated group.
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Small intestinal transit
Only metoclopramide per se, significantly (P<0.001) increased
SIT by 50 % (Figure 3). However, when combined with
morphine (1 mg/kg, s.c.) cisapride showed maximum efficacy
followed by mosapride and metoclopramide (Figure 4).
Domperidone and erythromycin did not exhibit any significant
effect (Table 2).

Figure 3  Effect of various prokinetic agents on small intestinal
transit in mice. (aProkinetic agents were administered orally
45 minutes prior to test meal).

Figure 4  Effect of Prokinetic agents on morphine induced de-
lay of small intestinal transit in mice. (aProkinetic agents were
administered orally 45 minutes and morphine s.c.15 minutes
prior to test meal).

DISCUSSION
Opioids cause decrease in gastric emptying and intestinal
motility, which leads to nausea, abdominal bloating and
constipation[21]. Both exogenous and endogenous opioids
inhibit propulsive movements of the intestine by interfering
with the enteric regulation of propulsive motility[22]. They
interact with µ and δ opioid receptors and cause decrease in
cyclic AMP. Opioids increase the calcium dependent potassium
conductance and thus, hyperpolarize myentric neurons, which
reduce the entry of calcium during the action potential leading
to decrease in intracellular calcium and thereby decreasing
peristalsis[23].
     In mice µ agonists administered subcutaneously produced
dose-related inhibitions of gastrointestinal transit[24]. In our
study there was significant decrease (61 %) in SIT with morphine
(1 mg/kg s.c.) compared with control animals (P<0.001).
Decrease in SIT seen with 1 mg/kg (s.c) of morphine is in
agreement with earlier reports[14,16,17].
     Prokinetic agents used to reverse morphine induced delay
in GI transit showed variation in their efficacy. Cisapride
(10 mg/kg, p.o.) though, did not show significant increase in
SIT compared with control, it was most effective in reversing
morphine induced delay in SIT (Figure 4). This finding is
consistent with a clinical study where the effect of cisapride

was significantly greater than that of metoclopramide[16].
Cisapride in the dose of 10 mg/kg (p.o.) showed significant
increase in gastric emptying when compared with control
animals but in morphine induced delay in gastric emptying it
fails to show significant effect in overcoming the inhibition
(Table 2).
    Rectal administration of cisapride 30 mg 8th hourly had
modest benefit in reversing small intestinal transit following
intravenous meperidine in patients undergoing major
abdominal surgery[25]. This may reflect an inability of cisapride
to attain effective plasma concentrations when given rectally
and this is supported by an another report where rectal
cisapride was not able to overcome gastric stasis produced
by morphine[26]. Above observations indicate that in morphine
treated mice, cisapride is more effective in reversing morphine
induced delay in SIT rather than delay in gastric emptying.
     Similar differential effect of metoclopramide and cisapride
on the abdominal surgery induced decrease in transit was seen
in which metoclopramide further inhibited whereas cisapride
ameliorated the inhibition of transit[27].
     In our study metoclopramide (20 mg/kg p.o.) was found to
be the most effective prokinetic agent when compared to
control animals (Figure 3). Metoclopramide is a 5-HT4 agonist,
5-HT3 antagonist and antagonises the inhibitory effect of
dopamine in the gastrointestinal tract. Despite above actions,
it was only marginally effective in reversing morphine induced
delay in SIT (Figure 2).
     Metoclopramide in the dose of 20 mg/kg p.o. significantly
increased gastric emptying when compared with controls
(Table 1). In morphine induced gastric emptying delay, it
reversed the morphine effect completely (Figure 2). In a clinical
study conducted by McNeill et al, it was shown that i.v.
metoclopramide antagonised the opioid premedication induced
delay in gastric emptying but not i.m. metoclopramide[28]. There
is also evidence that the effectiveness of metoclopramide may
depend on the route of administration[29,30].
     Domperidone is a peripherally acting dopamine antagonist.
Domperidone (20 mg/kg, p.o.) alone did not show any
significant prokinetic effect as against control animals (Table
2).  In our study, it was seen that in reversing morphine induced
delay, though it could not significantly increase SIT, its efficacy
was similar to that of metoclopramide (Figure 4). Since there
is a risk of extrapyramidal effects with metoclopramide,
domperidone may be useful in opioid induced delay in
gastrointest inal  t ransi t  where metoclopramide is
contraindicated. Domperidone in the dose of 20 mg/kg p.o.
did not show any significant increase in gastric emptying in
normal and morphine treated animals (Table1 and Table 2).
    Erythromycin, a motilinomimetic in the dose of 6 mg/kg
(p.o.) did not show any significant prokinetic effect (Table 1)
and had the least efficacy in reversing morphine induced delay
in gastrointestinal transit (Table 2). Erythromycin in the dose
of 1 mg/kg did not show any effect in postoperative ileus[27].
Erythromycin even at 40 mg/kg did not show any prokinetic
effect in rats though motilin immunoreactivity has been
demonstrated in the rat intestine[31]. The motilin receptor status
of mouse upper GI tract is not documented. De Winter et al
suggested by their experiments that rat might not be the ideal
species to test erythromycin[27]. The fact that erythromycin was
not effective in our study indicates that mice too may not be
the ideal species for these type of studies.
     Mosapride, a derivative of cisapride so far was not tested in
morphine-induced delay in small intestinal transit. In our study
though it did not show significant prokinetic effect in the dose
(20 mg/kg p.o.) used, however it was less effective than 10  mg
cisapride in reversing morphine induced delay in SIT.  Efficacy
of mosapride and metoclopramide in reversing morphine effect
on GE cannot be differentiated from the available data.
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   A look at the SIT values (Table 1) indicates that
metoclopramide has maximum efficacy in normal mice while
cisapride is most efficacious in reversing morphine induced
delay in SIT followed by metoclopramide and mosapride
(Table 2). The above differences may be due to interactions
taking place at various levels viz. the central and the peripheral
nervous system. It is known that morphine suppresses the
cholinergic outflow[32], while metoclopramide enhance
cholinergic outflow[20] via 5-HT4 and D2 receptor interaction.
It is also known that cisapride is non-selective 5-HT4 receptor
agonist with affinity for D2, 5-HT2, α1 adrenergic and muscarinic
receptors[33]. Further, mosapride a 5-HT4 agonist shows efficacy
less than cisapride in reversing morphine effects on SIT and
less than metoclopramide in GE. The intrinsic activity of
mosapride was less than that observed for cisapride which
indicates that it may act as a partial agonist[34]. Role of
heterogenicity in 5-HT4 receptors in the differential effect of
5-HT4 agonists cannot be ruled out[35].
     Mechanism underlying the stimulation of gastric and small
intestinal motility by prokinetic agents is 5-HT4 receptor
activation that involve cholinergic nerves. However the
mechanism underlying the different profile of the effect of 5-
HT4 agonists on gastric emptying and small intestinal transit
remains unexplained.
     Gastric emptying in normal mice was enhanced by cisapride,
metoclopramide and mosapride (Figure 1) but in morphine
treated mice metoclopramide was most effective followed by
mosapride (Figure 2). This suggests that in morphine treated
mice, 5-HT4 pathways may not play a major role. Effect of
cisapride and metoclopramide on other receptors contributes
predominantly in reversing the effect of morphine on SIT and
gastric emptying respectively.
      Results of this study and earlier reports indicate that efficacy
of prokinetic agents is dependent on factors such as
pathophysiology, species, site of gastrointestinal tract and
pharmacological profile of the drug.

CONCLUSIONS
Morphine in the dose of 1 mg/kg (s.c.) inhibited the small
intestinal transit by 61 % and to a lesser extent, gastric emptying
(43 %) under the experimental conditions. Metoclopramide
has significant prokinetic effect when compared with cisapride,
domperidone, mosapride and erythromycin in normal mice.
Metoclopramide, cisapride and mosapride enhance gastric
emptying significantly compared to domperidone and
erythromycin in normal mice. All the prokinetic agents used
in our study differ in their prokinetic effects in counteracting
the effect of morphine induced GI inertia. Cisapride is most
effective in reversing morphine induced SIT delay followed
by metoclopramide and mosapride. In morphine-induced GE
delay metoclopramide is most effective followed by mosapride.
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Abstract
AIM: To explore different roles of transforming growth factor
beta (TGF-β) and bone morphogenetic proteins (BMPs) in
hepatic stellate cell proliferation and trans-differentiation.

METHODS: Hepatic stellate cells were isolated from male
Sprague-Dawley rats. Sub-cultured hepatic stellate cells were
employed for cell proliferation assay with WST-1 reagent
and Western blot analysis with antibody against smooth
muscle alpha actin (SMA).

RESULTS: The results indicated that TGF-β1 significantly
inhibited cell proliferation at concentration as low as 0.1 ng/
ml, but both BMP-2 and BMP-4 did not affect cell proliferation
at concentration as high as 10 ng/ml. The effect on hepatic
stellate cell trans-differentiation was similar between TGF-
β1 and BMPs. However, BMPs was more potent at trans-
differentiation of hepatic stellate cells than TGF-β1. In
addition, we observed that TGF-β1 transient reduced the
abundance of SMA in hepatic stellate cells.

CONCLUSION: TGF-β may be more important in regulation
of hepatic stellate cell proliferation while BMPs may be the
major cytokines regulating hepatic stellate cell trans-
differentiation.

Shen H, Huang GJ, Gong YW. Effect of transforming growth
factor beta and bone morphogenetic proteins on rat hepatic
stellate cell proliferation and trans-differentiation. World J
Gastroenterol  2003; 9(4): 784-787
http://www.wjgnet.com/1007-9327/9/784.htm

INTRODUCTION
Transforming growth factor beta (TGF-β) and bone
morphogenetic proteins (BMPs) are the members of TGF-β
superfamily[7, 23]. Their biological effects are mediated through
the receptors that have serine-threonine kinase activity[1, 24].
However, they bind to their respective receptors. Moreover,
the molecules involved in their signal transduction are different.
It is generally considered that signal transduction pathway of
BMPs is mediated by Smads 1, 5, and 8, while the signaling
molecules of TGF-β are Smads 2 and Smads 3[17, 29, 33]. The
role of TGF-β in hepatic fibrogenesis has been investigated

because of the effect of TGF-β on extracellular matrix (ECM)
production and degradation[3, 27, 32]. But the effects of BMP on
hepatic fibrogenesis have not been studied extensively. With
recent understanding of hepatic fibrogenesis, hepatic stellate
cells play an important role in the development of hepatic
fibrosis[8, 14]. It is documented that hepatic stellate cells are the
main cell type that synthesize and secret ECM in the liver. In
addition, hepatic stellate cells migrate, proliferate and contract
in response to liver injury, which contribute to the development
of scar formation and portal hypertension. The effects of TGF-
β1 on hepatic stellate cell proliferation and activation have
been documented with some studies showed the inhibitory
effect of TGF-β1[2, 6, 25, 26] while others exhibited no effect on
hepatic stellate cell proliferation[20, 28]. However, there are no
reports about the effects of BMPs on hepatic stellate cell
proliferation and trans-differentiation. Therefore, the objective
of this study is to examine the effects of TGF-β1 and BMPs
on rat hepatic stellate cell proliferation and expression of
smooth muscle alpha actin (SMA) - a marker of hepatic stellate
cell trans-differentiation.

MATERIALS AND METHODS

Materials
Collagenase D, pronase, DNase 1, cell proliferation reagent
WST-1, and monoclonal antibody against smooth muscle alpha
actin were purchased from Roche Diagnostics (Laval Quebec).
Rabbit antibody against mouse IgG conjugated to horseradish
peroxidase, and Enhanced Chemiluminescence Detection Kit
were from Amersham Pharmacia Biotech, Inc. (Baie d’Urfe,
Quebec). Dulbecco’s Modified Eagle Medium (DMEM), fetal
bovine serum (FBS) and Nycodenz were obtained from
GIBCO/BRL (Burlington, Ontario). TGF-β1, BMP-2 and
BMP-4 were purchased from R&D systems (Minneapolis,
MN).

Isolation of rat hepatic stellate cells
Male Sprague-Dawley rats (450-550 gram body weight) were
purchased from Central Animal Care of the University of
Manitoba and maintained under 12-hour light/dark cycles with
food and water ad libitum. In conducting the research described
in this report, all animals received humane care in compliance
with the Institution’s guidelines (Animal Protocol No. 98-053),
which is in accordance with the Canadian Council on Animal
Care’s criteria. Hepatic stellate cells were isolated from rat
liver by two steps of collagenase and pronase methods as
previously described[10]. The liver was perfused via the portal
vein first with Ca2+ free Hanks’ balanced salt solution (HBSS),
pH7.4, for 10 minutes at 37  and then with Ca2+ HBSS
containing 0.125 mg/ml collagenase D, 0.5 mg/ml pronase and
15 µg/ml DNase 1 for 20 minutes. After being dispersed gently,
the cells were incubated with 0.125 mg/ml collagenase D, 0.5
mg/ml pronase and 15 µg/ml DNase 1 for another 12 minutes
with constant low speed stirring at 37 . Cell suspension was
filtered through a 100 µm mesh. After removing hepatocytes



by centrifugation at 500 rpm on a bench-top centrifuge, Hepatic
stellate cells were separated from other non-parenchymal cells
by density gradient centrifugation on 11.3 % Nycodenz with
sodium chloride at 1 400 g for 17 minutes at 8 . Hepatic
stellate cells were harvested from the interface between
suspension buffer on the top and 11.3 % Nycodenz solution,
washed and plated on uncoated plastic tissue culture dishes
(Costar) at a density of 25 000 cells/cm2. Hepatic stellate cells
were identified by the typical star-like configuration under light
microscopic appearance. The purity was always higher than
95 %. Hepatic stellate cells were incubated in DMEM
supplemented with 10 % FBS, antibiotics (100 IU/ml penicillin
and 100 mg/ml streptomycin) and 2 mM L-glutamine at 37 
in a humidified atmosphere of 5 % CO2. The first change of
culture medium was made 24 hours after seeding and then
change the medium every 48 hours. Sub-cultured Hepatic
stellate cells were obtained from 9-day-old primary culture
hepatic stellate cells by detaching from the dishes with trypsin-
EDTA.

Cell proliferation assay
Cell proliferation was measured by cell proliferation reagents
WST-1[12]. Sub-cultured hepatic stellate cells (2×103) in 200
µl culture medium were seeded into 96 well plates. After
incubation for 24 hours, the medium was changed with 100 µl
of fresh culture medium containing different concentrations
of recombinant TGF-β1, BMP-2 and BMP-4. The media and
reagents were changed every other day. Cell proliferation was
documented after 3, 6, 9 days of treatment. At the end of
treatment, 10 µl of WST-1 reagent were added into wells and
incubated for 2 hours. The absorbence of the treated samples
against a blank control was measured using a THERMOmax
microplate reader (ELISA) (molecular Devices Co., Menlo
Park, CA) with 420nm as detection wavelength and 650nm as
reference wavelength for WST-1 assay.

Western blot analyses of SMA
Sub-cultured hepatic stellate cells were lysed in 100 µl protein
extract solution (1 mM Tris-HCl pH7.5, 1 mM EDTA pH 8.0,
10 mM NaCl, 1 % sodium dodecyl sulfate (SDS), 1 mM PMSF
and 0.25 M sucrose)[11]. Cell membrane was broken by
sonicating the cells for 1 minutes with Sonicator (Vibra Cell,
Sonics and Material Inc. Danbury, CT) and cell debris was
pelleted by centrifugation at 14 000 rpm at 4  for 5 minutes.
Protein concentration was determined by Lowry method[9].
20 g of protein from each sample was mixed with gel loading
buffer (2×: 125 mM Tris-HCl, pH6.8, 4 % SDS, 20 % glycerol,
0.1 % bromophenol blue and 2.5 % β-mercaptoethanol), boiled
for 5 minutes, separated on 12 % SDS-polyacrylamide gel
under reducing conditions, and transferred to Nitroplus-2000
membrane (Micron Separations Inc. Westborough, MA).
Nonspecific antibody binding was blocked by pre-incubation
of the membranes in 1×Tris-buffered-saline (TBS) containing
5 % skim milk for 1 hour at room temperature. Membranes
were then incubated overnight at 4  with primary antibody
against SMA at dilution of 1:1 000 in 1×TBS containing 2 %
skim milk. After washing, they were incubated for 1 hour at
room temperature with sheep anti-mouse IgG at 1:1 000
dilutions. Bands were visualized by employing the enhanced
chemiluminescence kit per the manufacturer’s instruction.

Statistical analyses
Statistical significance of differences was performed by
employing the ANOVA and Fisher’s PLSD test as Post hoc
test with StatView software (version 5.0, SAS Institute Inc.
Cary, NC).  Differences were considered to be significant when
P was less than 0.05.

RESULTS
Effect of TGF-β1, BMP2 and BMP4 on rat hepatic stellate cell
proliferation
Effect of TGF-β1, BMP2 and BMP4 on rat hepatic stellate
cell proliferation was shown in Figure 1. TGF-β1 significantly
inhibited hepatic stellate cell proliferation after 6 days of
incubation at the concentrations of 0.1, 0.5 and 1 ng/ml,
respectively, P<0.05 (Figure 1A). The inhibition was more
dramatic at 9-days treatment of TGF-β1, P<0.01. However,
both BMP2 and BMP4 did not affect hepatic stellate cell
proliferation at the concentration as high as 10 ng/ml (Figure
1B and 1C).

Figure 1  Regulating effect of TGF-β1, BMP-2 and BMP-4 on
the proliferation of rat hepatic stellate cells. Hepatic stellate
cells were incubated with TGF-β1 (A), BMP-2 (B) and BMP-4
(C) as described in Materials and methods. The data represent
mean ± SE from ten wells. The experiments were repeated two
times. Denotes: a represents aP<0.05 vs the concentrations of
0.1, 0.5 and 1 ng/ml, b means bP<0.01vs the concentrations of
0.1, 0.5 and 1 ng/ml.

Effect of TGF-β1, BMP-2 and BMP-4 on SMA expression
TGF-β1, BMP-2 and BMP-4 increased the expression of SMA,
which is well recognized by the antibody as a 42-kDa protein.
BMP-2 and BMP-4 seemed to have more potent effect on the
expression of SMA than TGF-β1. After incubation with TGF-
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β1 (concentrations from 0.1 to 1 ng/ml) for 3 days, SMA level
was only elevated about 50 % as compared with control group
(Figure 2). While after BMP-2 or BMP-4 treatment, SMA
level was two to four times higher than that of the untreated
group (Figure 3). Moreover, we observed that the abundance
of SMA in hepatic stellate cells was reduced after 3 hours of
TGF-β1 treatment. The abundance of SMA was reduced to
about 20 % of original level and the level of SMA was
elevated (about 60 % higher than original level) after 18
hours’ treatment (Figure 4).

Figure 2  Regulating effect of TGF-β1 on rat hepatic stellate cell
trans-differentiation. Hepatic stellate cells were incubated with
different concentrations of TGF-β1 for three days. The media
and TGF-β1 were changed every other day. Western blot was
performed as described in Materials and methods. The top
panel represents typical Western blot of SMA. The lower panel
represents histogram of densitometric data from four-separated
Western blot (mean ± SE).

Figure 3  Regulating effect of BMP-2 and BMP-4 on hepatic
stellate cell trans-differentiation. Hepatic stellate cells were in-
cubated with different concentrations of BMP-2 or BMP-4 for
three days. The media and BMPs were changed every other
day. Western blot was performed as described in Materials
and methods. The top panel represents typical Western blot of
SMA. The lower panel represents histogram of densitometric
data from four-separated Western blot (mean ± SE).

Figure 4  Regulating effect of TGF-β1 on SMA protein
expression. Hepatic stellate cells were cultured for three days
and the media were removed. Media with 1 ng/ml TGF-β1 or
saline were added into culture dishes and cells were collected
at different times as indicated. The data represent mean ± SE
from four experiments.

DISCUSSION
Hepatic stellate cells are non-parenchymal liver cells located
at the perisinusoidal space. Recent studies have demonstrated
that these cells proliferate and activate in response to liver
injury. It is now established that hepatic stellate cells are the
cell type involved in hepatic fibrogenesis[4, 5]. It is known that
the proliferation of these cells is one response during hepatic
fibrogenetic process. The other feature of these cells is their
trans-differentiation, which is indicated by increased expression
of SMA[19]. During the trans-differentiation process of hepatic
stellate cells, these cells are trans-differentiated into
myofibroblast-like phenotype. To understand hepatic
fibrogenesis, it is important to know the mechanism of
proliferation and trans-differentiation of hepatic stellate cells.
In this report, we employed TGF-β1 and BMPs to examine
their effects on hepatic stellate cell proliferation and trans-
differentiation. Our study indicated that both TGF-β1 and
BMPs were important in the trans-differentiation of hepatic
stellate cells. However, BMP-2 and BMP-4 had more potent
effect on trans-differentiation of these cells than TGF-β1 did.
The difference can be due to the different signaling proteins
involved in TGF-β1 and BMPs signal transduction. It is
known that Smads are the intracellular molecules for both
TGF-β  and BMP signal transduction pathways[17, 29, 33].
However, Smad-2 and Smad-3 are believed to mediate TGF-
β signal transduction while Smad-1, Smad-5 and Smad-8
mediate BMP signaling[13, 16, 18, 21]. It has been demonstrated
that Smad-3 is not necessary to the trans-differentiation of
hepatic stellate cells but is required for TGF-β1 mediated cell
proliferation[31]. Although TGF-β1 had some effect on the trans-
differentiation of hepatic stellate cells in this study, it might
not be related to Smad-2 and Smad-3. It has been documented
that TGF-β1 can phosphorylate Smad-1 in human breast cancer
cells[22]. However, it still remained be tested what is the
mechanism mediating the transient reduction of SMA by TGF-
β1 in hepatic stellate cells. The direct TGF-β1 regulation of
SMA gene expression could not be excluded.
    The inhibitory effect of TGF-β1 on hepatic stellate cell
proliferation was consistent with effect of TGF-β1 on most
mammalian cells. It inhibited the proliferation of hepatic stellate
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cells. Studies relating the effect of TGF-β1 on hepatic stellate
cell proliferation from other groups have revealed some
conflicting results. Most of the studies indicated that TGF-β1
inhibited the proliferation of hepatic stellate cells[2, 6, 25, 26, 28]

while few studies had found no significant effect on these cell
proliferation[14, 20]. The difference of TGF-β1 regulation of
hepatic stellate cells may be related to stage of cell
differentiation or the period of TGF-β1 treatment. One of the
interesting findings in this study is that both BMP-2 and BMP-
4 did not affect the proliferation of hepatic stellate cells. It is
well known that the main role of BMPs is bone morphogenesis,
which is a sequential cascade with three key phases: chemotaxis
and mitosis of mesenchymal cells, differentiation of the
mesenchymal cells initially into cartilage, and replacement of
the cartilage by bone. Its function is more related to
differentiation then proliferation[15, 30]. Therefore, no effect of
BMPs on hepatic stellate cell proliferation is well consistent
with their functions.

CONCLUSION
Our study documented that both TGF-β and BMPs play
important roles in hepatic stellate cell proliferation and trans-
differentiation. TGF-β is more important in the regulation of
hepatic stellate cell proliferation while BMPs is more potent
in the regulation of trans-differentiation of hepatic stellate cells.
However, the in vitro observations of TGF-β and/or BMPs on
hepatic stellate cell proliferation and trans-differentiation may
represent one aspect of the complex interaction among varieties
of factors in human body.
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Abstract
AIM: To investigate Tie-2 expression during the repair of
acetic acid-induced gastric ulcers in rats treated with
recombinant human IL-11 (rhIL-11) and in untreated control
animals.

METHODS: Gastric ulcers were induced in male Wistar rats
by applying acetic acid to the fundus of the stomach. RhIL-
11 (100 µg/kg twice daily, subcutaneously) was administered
from two days before ulcer induction and continued for five
days after the induction. Control rats received bovine serum
albumin. Gastric specimens were collected at 3 and 5 days
after the induction of ulcer for immunohistochemical
observation, Western blotting, and reverse transcription
polymerase chain reaction (RT-PCR).

RESULTS: Immunohistochemical and Western blot analysis
demonstrated that Tie-2 expression was enhanced in the
rhIL-11-treated rats compared with the control animals at
both intervals.

CONCLUSION: These findings suggested that IL-11 could
accelerate ulcer healing, in part, by up-regulating Tie-2
expression and promoting angiogenesis.

Wen CY, Ito M, Wang H, Chen LD, Xu ZM, Matsuu M, Shichijo
K, Nakayama T, Nakashima M, Sekine I. IL-11 up-regulates
Tie-2 expression during the healing of gastric ulcers in rats.
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INTRODUCTION
IL-11 is a kind of pleiotropic cytokine that stimulates stem
cell proliferation and affects multiple types of cells[1]. RhIL-

11 may be useful in accelerating the recovery of both
hematopoietic cells and gastrointestinal mucosal cells after
cytoablative therapies[2]. RhIL-11 is in Phase II clinical trials
for the treatment of thrombocytopenia that occurs secondary
to chemotherapy[3]. Gross and microscopic evidence suggested
that rhIL-11 treatment could improve acute colitis caused by
both chemically-induced damage and chronic inflammatory
bowel disease[4]. Bruce et al[5] recently reported that short-term
treatment with rhIL-11 was well tolerated in patients with active
Crohn’s disease. Our previous study demonstrated that rhIL-
11 facilitates gastric ulcer healing in rats[6].
     Angiogenesis is critical to ulcer healing since it regulates
nutrient and oxygen delivery to the injured site and, thus, controls
the healing rate. Tie-2 (tek) is a member of the endothelial cell-
specific receptor tyrosine kinase family[7, 8], and is essential
for the formation of the embryonic vasculature[9]. Our recent
study suggests that Tie-2 plays an important role in the
angiogenesis associated with the healing of gastric ulcers[10].
The present study examined the effect of IL-11 on Tie-2
expression in acetic acid-induced gastric ulcers by comparing
with in the rhIL-11-treated and control rats.

MATERIALS AND METHODS
Materials
This study was approved by the Animal Care Committee of
Nagasaki University. Male Wistar rats, purchased from Charles
River Japan (Atsugi, Japan) at 7 weeks of age, were housed 3
or 4 per cage in an air-conditioned room(24 , 12 hr light
cycle) at the Laboratory Animal Center of Nagasaki University.
The animals were fed with laboratory chow (F2, Japan CLEA,
Tokyo, Japan) and tap water ad libitum.

Induction of gastric ulcer
Gastric ulcers were induced by luminal application of a 40 %
acetic acid solution as reported previously[11]. Under ether
anesthesia, the stomach was exposed via a midline incision
and the anterior and posterior walls of the gastric fundus were
clamped together with ring forceps (ID, 6 mm). The acetic
acid solution was injected into the clamped portion through
the forestomach using 21 gauge needles. After forty-five
seconds, the acid solution was removed, the abdomen closed
and the animals fed and housed as above.

Treatment
RhIL-11 (Genetics Institute, Andover, MA, USA), courtesy
of Yamanouchi Pharmaceutical Co., Ltd. (Tokyo, Japan), was
diluted in 0.1 % bovine serum albumin (BSA) and administered
subcutaneously (100 µg/kg/twice daily) for seven consecutive
days beginning two days before ulcer induction as described
previously (n=16)[12]. Control animals (n=16) received the same
volume of 0.1 % BSA twice daily. Eight rhIL-11-treated and eight
untreated rats were sacrificed 3 and 5 days after the induction of
gastric ulcers. Gastric tissues were collected for Western blot
analysis, and reverse transcription polymerase chain reaction
(RT-PCR). Tissues were fixed in 4 % paraformaldehyde solution
for immunohistochemical examination of Tie-2 expression.



Immunohistochemistry analysis
Paraformaldehyde-fixed and paraffin-embedded tissues were
cut into 4 µm sections, deparaffinized in xylene and rehydrated
in phosphate-buffered saline. The tissues were subsequently
preincubated in 3 % H2O2 for 30 minutes, followed by
incubation in bovine serum to prevent nonspecific binding,
and then incubated overnight at 4  (2 µg/ml) with rabbit
anti-mouse Tie-2 (C-20, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA). The slides were subsequently incubated in
biotinylated anti-rabbit immunoglobulin G followed by avidin-
horseradish peroxidase and the reaction product was resolved
using DAB (Vectastain ABC kit; Vector Laboratories,
Burlingame, CA).

Western blot analysis
Fresh gastric tissues obtained from ulcerated areas were
immediately frozen, suspended in RIPA buffer (50 mM Tris,
150 mM NaCl, 1 % NP-40, 1 % sodium deoxycholate and
0.05 % SDS, pH 7.4), broken into pieces on ice and subjected
to three freeze-thaw cycles. Insoluble cell debris was removed
by centrifugation at 14 000×g at 0  for 10 minutes. The
protein concentrations in the resultant supernates were
quantified using a protein assay reagent (Bio-Rad Laboratories,
Hercules, CA). Data from four rats were recorded at each time
point and the assays were performed in duplicate. The proteins
(30 µg) were separated by polyacrylamide gel electrophoresis
(PAGE) under denaturing and reducing conditions, and
transferred to a Hybond ECL Nitrocellulose Membrane
(Amersham Life Science, Buckinghamshire, U.K.). The
membranes were rinsed in TBS, blocked with 5 % low-fat
dried milk in TBS containing 0.1 % Tween 20 (TTBS), and
incubated for 2 hours at room temperature in a 1:500 dilution
of mouse anti-rat Tie-2 antibodies. After extensive washing
with TTBS, the membranes were incubated for 1 hour in TTBS
with 1:2 000 dilution of horseradish-peroxidase-conjugated
goat anti-mouse immunoglobulin G containing 3 % low-fat
dried milk. The membranes were washed, developed with a
horseradish peroxidase chemiluminescence detection reagent
(ECL Plus System, Amersham, N.D.), and exposed to
Hyperfilm ECL (Amersham).

RT-PCR analysis
Total RNA was prepared from gastric tissue using the acid
guanidine phenol method. RNA (1 µg) was incubated at 37 
for 1 hour in 50 µl reverse transcriptase buffer containing 20
units RNAsin (Promega Corp., Madison, WI), 100 pmol of
random hexamer primers (Boehringer Mannheim, Germany),
and 400 units Moloney murine leukemic virus reverse
transcriptase (GIBCO/BRL). Reverse transcription was
terminated by heating to 95  for 10 minutes, and 20 % of the
resulting cDNA was used for PCR. PCR samples were
incubated with 50 pmol of each primer and 2.5 units of Taq
DNA polymerase. The rat Tie-2 PCR primers were as
followings: 5’-TGTTCCTGTGCCACAGGCTG-3’ (sense)
and 5’-CACTGTCCCATCCGGCTTCA-3’ (antisense). The
human β-actin PCR primers were as followings: 5’-
TCCTCCCTGGAGAAGAGCTA-3’ (sense) and 5’-
AGTACTTGCGCTCAGGAGGA-3’ (antisense). The Tie-2
and β-actin primers were predicted to amplify 317 and 313 bp
DNA products, respectively. Primer pairs were chosen to span
introns of their respective rat genes. Samples were subjected
to 40 cycles of PCR amplification, each cycle consisting of
denaturation at 95  for 3 minutes, annealing at 50  for 1
minute, and primer extension at 72  for 1 minute. An aliquot
of each amplification mixture was subjected to electrophoresis
on 2 % agarose gel, and DNA was visualized by ethidium
bromide staining.

RESULTS
Immunohistochemistry results
Immunohistochemical staining of Tie-2 was weakly positive
in the endothelial cells of pre-existing vessels in the gastric
wall. Tie-2 expression in the endothelial cells of new capillaries
was enhanced in the rhIL-11-treated rats (Figure1A) compared
with the control rats (Figure1B) after 3 and 5 days of the
induction of ulcers.

Figure 1  Three days after the induction of gastric ulcers, Tie-2
expression in the endothelial cells of new capillaries was en-
hanced in the rhIL-11-treated rats (A) in comparison to the
untreated control animals (B).

Figure 2  Western blots demonstrating Tie-2 expression. RhIL-
11 treatment increased Tie-2 expression significantly 3 and 5
days after the induction of gastric ulcers compared with un-
treated control rats.

Figure 3  RT-PCR analysis of Tie-2 mRNA expression in ulcer-
ative gastric tissues, using the specific primer pairs predicted
to amplify Tie-2(317 bp) and β-actin (313 bp). Lanes 1-4: rhIL-
11-treated rats on days 3(lane 2) and 5(lane 4) and the untreated
control rats on day 3(lane 1) and 5(lane 3).
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Western blotting results
A major band of 125 KD representing Tie-2 protein was
detected in the Western blots. Tie-2 expression was increased
significantly after the appearance of ulcers in the rhIL-11-
treated rats compared with the untreated control animals on
day 3 and day5 (Figure2).

RT-PCR results
Tie-2 mRNA was detected between rhIL-11-treated rats and
the control animals after3 and 5 days of the induction of gastric
ulceration. β-actin mRNA, a constitutively expressed transcript,
was detected in all of the samples from both the rhIL-11 and
untreated rats (Figure3).

DISCUSSION
Angiogenesis occurs in many physiological and pathological
processes, including embryonic development, wound healing,
and tumor growth[13, 14]. Ulcer healing consists of two processes,
epithelial regeneration and mesenchymal reconstruction. The
process of mesenchymal reconstruction consists of angiogenesis,
fibrosis and smooth muscle regeneration. Therefore, angiogenesis
is central to the formation of granulation tissue since newly
formed vessels are required to supply oxygen and nutrients to
the regenerating tissue. Tie-2 is a receptor tyrosine kinase
expressed by endothelial cells[15,16] and it has been reported to
play an important role in embryonic angiogenesis[17].
Furthermore, our own recent study revealed that Tie-2 was
important in the angiogenesis that occurs during the healing
of gastric ulcers[10].
     Our previous study was the first to demonstrate that IL-11
could promote gastric ulcer healing in rat model[6]. This effect
of IL-11 on the repair of mucosal injury most likely reflects its
trophic action on mucosal epithelial and smooth muscle cells.
RhIL-11 also exhibits an anti-apoptotic effect on the gastric
mucosa. RhIL-11 most likely acts on epithelial cells via the
regeneration of epithelial cell facilitated by IL-11 receptor.
Concomitant smooth muscle hyperplasia may induce tissue
contraction, thus promoting healing. The importance of smooth
muscle contraction at the base of the ulcer has been previously
demonstrated[18]. Interestingly, IL-11 inhibits the production of
nitric oxide, an agent that can relaxs smooth muscle cells[19].
     Our immunohistochemical and Western blot data showing
that rhIL-11 enhanced Tie-2 expression suggest that Il-11
accelerates healing by promoting angiogenesis. The results of
this study demonstrate that rhIL-11 up-regulates Tie-2
expression during the healing of gastric ulcer in rats and suggest
that rhIL-11 may have clinical benefits in the treatment of
gastric ulcers.
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Abstract
AIM: To investigate the changes of microvascular
architecture, ultrastructure and permeability of rat jejunal
villi at different ages.

METHODS: Microvascular corrosion casting, scanning
electron microscopy, transmission electron microscopy and
Evans blue infiltration technique were used in this study.

RESULTS: The intestinal villous plexus of adult rats consisted
of arterioles, capillary network and venules. The marginal
capillary extended to the base part of the villi and connected
to the capillary networks of adjacent villi. In newborn rats,
the villous plexus was rather simple, and capillary network
was not formed. The villous plexus became cone-shaped
and was closely arrayed in ablactation rats. In adult rats,
the villous plexus became tongue-shaped and was enlarged
both in height and width. In aged rats, the villous plexus
shrank in volume and became shorter and narrower. The
diametral ratio of villous arteriole to villous venule increased
as animals became older. The number of endothelial holes,
the thickness of basal membrane and the permeability of
microvasculature were increased over the entire course of
development from newborn period to aged period.

CONCLUSION: The digestive and absorptive functions of
the rat jejunum at different ages are highly dependent upon
the state of villous microvascular architecture and
permeability, and blood circulation is enhanced by collateral
branches such as marginal capillary, through which blood is
drained to the capillary networks of adjacent villi.

Chen YM, Zhang JS, Duan XL. Changes of microvascular
architecture, ultrastructure and permeability of rat jejunal villi
at different ages. World J Gastroenterol  2003; 9(4): 795-799
http://www.wjgnet.com/1007-9327/9/795.htm

INTRODUCTION
The microvasculature of intestinal villi play an important role
in the process of digestion, absorption and mucosal barrier
protection[1,2]. Intestinal diseases, such as diarrhea and enteritis,
are reported to be related to the change of microvasculature[3,4].

More recent studies on the intestinal microvasculature
demonstrated that the damage to surface microvasculature is
an early event inducing mucosal injury in the intestine[5-7].
However, these studies were only limited in collecting
pathological or clinical data, and tissue materials were obtained
from adult subjects[8-10]. In addition, little information is
available regarding the changes of microvasculature throughout
different age periods. Therefore, the current work was meant
to elucidate the morphological and permeability changes of
jejunal microvasculature at different ages. Microvascular
corrosion casting technique, scanning electron microscopy
(SEM), transmission electron microscopy (TEM), Evans blue
infiltration methods were used and morphometry was
conducted in this study.

MATERIALS AND METHODS
Animals
Fifty-four male Sprague-Dawley rats were used. They were
divided into 4 groups according to their ages after birth: (1)
newborn rats (1 day, n=9); (2) ablactation rats (3 weeks, n=15);
(3) adult rats (3 months, n=15) and (4) aged rats (24 months,
n=15). For the groups with 15 animals, six were used for
corrosion casting, three were observed under TEM, the other
six were used to determine the permeability with Evans blue
infiltration technique. The newborn rats were too small to be
used in determining the permeability. All rats were fasting for
12 hours prior to each experiment.

Microvascular corrosion casting and SEM
Methyl-methacrylate and methacrylate were mixed at a ratio of
9:1. Polymerization was allowed by adding benzoyl-
methacrylate at 80 . The viscosity of this solution was
maintained to a level corresponding to that of 30 % glycerine.
The solution was cooled for later use. The microvascular
architecture was then performed in the following procedure.
Animals were deeply anesthetized with ether and a catheter was
inserted into the thoracic aorta. One percent of saline solution
(500 ml/kg i.m.) was perfused to flush the blood out of
cardiovascular system, and this step was immediately followed
by a perfusion of 5 ml methyl-methacrylate. Meanwhile, the
same volume of the pre-prepared solution mixed with N, N-
dimethylaniline (1 % of the total volume) was added, serving as
a polymerization accelerator. twelve hours later when
polymerization was completed, the small intestine was sampled
and stored in a 10 % NaOH solution for 1-2 weeks. The tissue
was rinsed with tap water until the corroded tissue was washed
out, and then trimmed under the dissection microscope and dried
at 40  for 48 hours. The dried tissue was then coated using an
IB-3 ionic splashing and shooting device. Photomicrographs
were taken under a Hitachi S-570 scanning electron microscope.

TEM
Small pieces of the jejunum were immersed in phosphate-
buffered 3 % glutaraldehyde for 2 hours, and then postfixed in
phosphate-buffered 1 % OsO4 for 2 hours. After postfixation,
the tissue was dehydrated with ethanol and embedded in Epon
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812. Ultra-thin sections stained with uranyl acetate and lead
citrate were observed and photomicrographs were taken under
a Hitachi TEM S-600.

Quantification of microvascular permeabilityof the jejunal tissue
Evans blue was used to measure the permeability of
microvasculature. Rats were anesthetized with ether, and Evans
blue (75 mg/kg i.m.) in 0.9 % saline solution was injected into
a femoral vein. Two hours later, rats were perfused
transcardially with 0.9 % saline solution (500 ml/kg i.m.).
Evans blue was extracted from the jejunum by incubation in 5
ml of formamide at 54  for 24 hours. Evans blue was then
quantified by measuring its absorption at wavelength of 620
nm using spectrometer. Results were expressed as µg Evans
blue/gram fresh tissue.

Data processing
According to the methods of stereology[11], the measurement
and calculation of the thickness of basal membrane (nm), the
number of endothelial hole (per mm capillary perimeter) and
plasmalemmal vesicles (per mm2 endothelium) were conducted
on the photographs of TEM. Results were expressed as mean
+ SEM, and statistics was performed using Student’s t test.

RESULTS

Microvascular architecture of adult rats villi
The villous plexi stood on the surface of the ileum. Between the
adjacent villous plexi there were numerous different cryptal
plexi. The villous plexus consisted of villous arteriole, villous
capillary network and the villous venule. The villous capillaries
connected to each other in a form of “net-basket” (Figure 1).
The villous arteriole coming from the arterial plexus in the
submucosa reached the base of the villi through the cryptal plexus
gap, extending to the tip along the axis of the villi. The villous
arterioles did not bifurcate within the villi, but formed the villous
capillary network at the tips of the villi in the pattern of a “netted
bag”. This villous capillary wrapped the villous arteriole. The
villous venules were formed in the middle and upper part of the
villi, through which the blood from capillary venules converged
into the venous plexus in the submucosa (Figure 1).
     In addition, there was a straight capillary along the margin
of the villous capillary network, and it is called marginal
capillary. Its diameter was twice that of its adjacent capillaries
(Figures 1 and 2). This capillary ran along the villous margin
and did not merge into the villous venules of itself. It reached
the base of the villi and connected to the basal part of its
adjacent villous capillary networks (Figure 2).

Changes of microvascular architecture of jejunal villi at
different ages
In newborn rats, the villous plexus was rather simple and was
composed of only one or two loops of capillary vessels. A
capillary network was not formed at this age and villous
arteriole and venule could not be differentiated (Figure 3). For
the ablactation rats, the villous plexus became cone-shaped
and was closely arrayed. The marginal capillary was as wide
as villous arteriole. Each villous plexus had only one villous
venule and was formed in the basal part of the villi. However,
the diametral ratio of villous arteriole to it was very small
(Figure 4). In adult rats, the villous plexus became tongue-
shaped and was enlarged both in height and width. Each villous
plexus usually had one villous venule which was formed in
the middle and upper part of the villi, but the wide villi had
two venules that were zygomorphous (Figure 1). In the aged
rats, the villous plexus shrank in volume and became shorter
and narrower. The capillaries were irregularly arrayed (Figure
5). The villous arteriole became wider and lower than villous
venule (Figure 6). The diametral ratio of villous arteriole to
venule was increased as animals became older (Table 1).

Changes of endothelial ultrastructure of villous capillary at
different ages
Under TEM, the endothelium of capillary in the vicinity of
epithelium of villi was so polarized that the nucleus was far
away from epithelium and the side near the epithelium was
thin. In the endothelium of newborn rats, bigger nucleus, more
cytoplast as well as several plasmalemmal vesicles were seen,
but no endothelial hole and basal membrane were observed.
However, endothelial hole and basal membrane were found in
ablactation animals (Figure 7). For the adult rats, a plenty of
plasmalemmal vesicles were noticed in the endothelium (Figure
8). The endothelium in the aged rats, however, became thinner
whereas its basal membrane became thicker. Endothelial holes
were found to be increased whereas plasmalemmal vesicles
were decreased (Figure 9). The number of endothlial holes,
the thickness of basal membrane and the permeability of
microvasculature were increased over the entire course of
development from newborn period to aged period (Table 2).

Changes of microvascular permeability of villi at different ages
The microvascular permeability at different ages was
determined with Evans Blue infiltration technique. The amount
of Evans blue that penetrated into intestinal tissue was 28.1
µg/g tissue in ablactation rats and 64.4 µg/g tissue in adult
rats. The microvascular permeability of the aged rats was twice
as high as that of the adult rats (Table 2).

Table 1  Comparison of the microvascular architecture of villi at different ages (mean±SEM)

                   Ablactation rats             Adult rats             Aged rats

Diameter of arteriole (µm)   6.17±1.51 10.47±2.25a 16.73±3.28c

Diameter of venule (µm) 20.43±3.17 25.45±3.07b 25.50±3.34
Ratio: arteriole/venule   0.30±0.04   0.41±0.04a   0.65±0.06c

aP<0.01, bP<0.05 vs ablactation rats; cP<0.01 vs adult rats.

Table 2  Comparison of the endothelial ultrastructure of villi at different ages (mean±SEM)

Newborn       Ablactation    Adult               Aged rats

Endothelial holes (number/µm) 3.01±0.38 3.51±0.35b   5.19±0.48d

Plasmalemmal vesicles (number/0.1 µm2) 17.7±4.25 39.1±10.36a 75.3±12.13c   38.0±11.14d

Basal membrane (nm) 25.2±5.26 43.5±5.86c   60.5±6.89d

Vascular permeability (µg/g) 28.1±4.64 64.4±9.34c 116.4±15.63d

aP<0.01 vs newborn rats; bP<0.05, cP<0.01 vs ablactation rats; dP<0.01 vs adult rats.



DISCUSSION
Injection of certain materials into blood vessels enables three
dimensional visualization of vascular architecture and has
provided abundant information which is not available by
reconstruction of serial sections[12-14]. A line of evidence
demonstrated in rats, horses and human embryos, that the
“fountain type” microvascular architecture of mammalian small

intestine is common[15-17]. Among these studies, Ohashi et al[16]

found that two or more villous venules originating in the base
of villi. The results of our study appear to suggest that the
villous venules of the rat small intestine are formed in the
middle and upper part of the villi, not in the base and at the tip.
The villous venules are shorter than villous arterioles, and do
not form arterio-venous anastamoses. There is big difference

Figure 1  The microvascular architecture of adult rat jejunal villi, showing the villous arteriole (a), the villous capillary network
(N), the villous venule(v), the marginal capillary(m)  ×150.
Figure 2  The microvascular architecture of adult rat jejunal villi,showing the marginal capillary(m) connecting to the basal part of
its adjacent villous plexus ( ) ×130.
Figure 3  The microvascular architecture of newborn rat jejunal villi, ×400.
Figure 4  The microvascular architecture of ablactation rat jejunal villi, showing the villous arteriole (a), The villous capillary
network(N),the marginal capillary(m) ×300.
Figure 5  The microvascular architecture of aged rat jejunal villi ×100.
Figure 6  The microvascular architecture of aged rat jejunal villi, showing the villous arteriole(a), the villous venule(v) ×250.
Figure 7  The capillary endothelium of ablactation rats, showing the endothelial hole ( ) and the basal membrane ( ) ×8 000.
Figure 8  The capillary endothelium of adult rats, showing the basal membrane ( ) and the endothelial hole ( ) ×8 000.
Figure 9  The capillary endothelium of aged rats, showing the basal membrane ( ) and the endothelial hole ( ) ×8 000.
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in diameter between villous venules and villous arteries. The
former is about one third of that of the latter. All of these
properties are important in creating a low blood pressure and
speedy circulatory system in the villous capillary network,
which is important to the process of nutritional absorption and
transportation[18].
      We found that branching did not take place when the villous
arterioles climbed towards the tip of the villous and the capillary
networks were not formed until the villous arteria reached the
tip of the villous. After entering the villi, blood was supplied
to the tip portion of villi and partially to its surrounding area.
The cryptal plexus mainly supplied the blood to the basal part
of the villi, which lacked artery terminals and branches.
Therefore, this collateral circulation can provide blood supplies
to the villi. Although there was supplementary blood supply
in the base of the villi, blood supply was inefficient due to a
long distance of transportation from the branching point at the
tips of villi which were full of arterial blood[19]. Therefore, the
villi at the tip received much more arterial blood supply than
in the base. From the base to the tip of the villi, the absorption
rate of epithelium increased proportionately with the volume
of its blood supply. However, there were still aging cells at the
tip of villous that were less dynamic physiologically than the
younger cells at the basal part. The cells of villi at the tip might
not be able to adapt themselves very well to any abnormal
blood circulation, and therefore would easily lose their normal
physiology under certain harsh conditions[20]. Injuries due to
hypoxia usually emerged later in both intestinal crypts and
basal part of villi than in the apical area of villi[21]. This may
indicate that the crypts, as compared with villi, are relatively
more resistant to hypoxic injuries. Such resistance is important
in maintaining the optimal endocrine function and the
regenerative capability of mucosa even after shock resulting
from excessive blood loss.
      Our results also showed that there were marginal capillaries
on both sides of the small intestinal villi. These capillaries
descended from the apical part of the villi to the basal part
along its margin. It crossed the cryptal plexus and connected
to the capillary network. So far, there have been no report
regarding this connection. Before this study, it had been
considered that there was only one venous return path from
the small intestinal capillary. In other words, blood from
capillary venules converged into the venous plexus in the
submucosa[16,17,22]. Studies on marginal capillary have been
developed since Mohiuddin[19] described the marginal capillary.
It was reported recently that marginal capillary was more
manifest in jejunum than in ileum[23,24], but its relationship with
its adjacent villous plexus was not found in both jejunum and
ileum. It is thus considered that the marginal capillary transports
blood to the villous margin. Therefore, the findings from the
this study regarding the marginal capillary and its relation with
its adjacent villi suggest that the collateral circulation may exist
before the venous return from the villi. That is, the marginal
capillary delivers blood partially into the adjacent villous
capillary networks. This architecture of the villous plexus may
have been adapted to the movement of intestines as well as to
the digestive and absorptive activities. After eating, the small
intestine speeds up its motility. Villi not only have tight contacts
with the chyme but also are subjected to mechanical pressure
from the passing chyme. If the villous venules are depressed,
blood return to the villi will be blocked. Therefore, blood can
be collected into the adjacent villous plexi through the marginal
capillary. This helps maintain a normal blood circulation in
the villi, and their digestive and absorptive functions are carried
out normally.
     In the newborn rat villi, capillary network was not formed
although only simple microvascualr architecture was formed.
The later developed capillary network is probably due to the

formation of slender transcapillary tissue pillars, which give
rise to new vascular meshes[25,26]. During villous formation,
the developing vascular nets played an important role and the
apical capillary loop in a villous was anchored to epithelial
basal membrane or to the adjoining matrixes[27]. After 3 weeks,
the villous microvascular architecture tended to grow in full
scale. During ablactation period, the villous capillary network
was formed, and the diametral ratio of villous arteriole to villous
venule was one-third, which consolidated the normal digestion
and absorption. The villous plexus in adult rats became higher
and wider, providing more nutrition for the body. In aged rats,
the tip of the villous plexus caved in, the position of villous
venule was relatively high. The increases in diametral ratio of
villous arteriole to villous venule caused high blood pressure,
which degraded the transportation and absorption of nutrition.
All of these demonstrate the important role of the vascular
architecture in maintaining an efficient absorption of nutrition
for the malfunctional intestines in the aged animals.
     The primary penetrating vessels in the submucosa formed
an extensive submucosal plexus that supplied the tunica serosa,
tunica muscularis, and tunica mucosa[28]. Fewer branches of
this plexus supply the muscle layers, and most of branches run
towards the mucosa and to supply blood to the villous and the
cryptal plexus[29]. Therefore the vascular permeability mainly
depends on the villous plexus, namely vascular architecture
and endothelial structure. Under normal physiological
condition, small molecules can easily enter or come out of
blood vessels, but the large size substances must be transported
through endothelial hole or plasmalemmal vesicle[30]. Since
there were no endothelial holes and very few plasmalemmal
vesicles in newborn rats, these large size substances must be
selected to pass through the endothelium, which may be a
protection for the immature immune system. The emergence
of a few of endothelial holes and plasmalemmal vesicles during
ablactation period indicate that the big molecular substances
can be transported. The endothelium of adult rats have a plenty
of plasmalemmal vesicles, and microvascular permeability was
twice as high as that of the ablactation rats. In the aged rats,
the endothelium became thinner, and the number of
plasmalemmal vesicles became smaller while the number of
endothelial holes became bigger. The diametral ratio of villous
arteriole to villous venule increased as animals become older.
The blood pressure was higher in old rat villi. The larger
number of endothelial holes and higher blood pressure resulted
in double increase in the microvascular permeability of the
aged rats as compared with the adult rats. The thickened basal
membrane may be due to a compensatory response, which may
prevent any injurants from entering the blood vessels in the
aged rats. Based upon the above information, one can say that
aging or degradation of blood vessels may underlie the
mechanisms of systematic aging.
      In summary, the microvascular architectures of rat intestinal
villi are complex. Each villi has its own blood supply and
venous return paths. Furthermore, one villi can supply blood
to its adjacent villi through the marginal capillary. These
complex connections in the villi help avoid a shortage of blood
supply or blockade of venous blood return. Normal digestive
and absorptive functions are thus protected. With regard to
the small intestine of other species, whether there is a marginal
capillary and venous return collateral circulation is a matter of
future study.
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Abstract
AIM: To study the detail mechanism of interaction between
PKC and GRK2 and the effect of GRK2 on activity of PKC.

METHODS: The cDNA of pleckstrin homology (PH) domain
located in GRK2 residue 548 to 660 was amplified by PCR
with the mRNA of human GRK2 (β1-adrenergic receptor
kinase) as template isolated from human fresh placenta,
the expression vector pGEX-PH inserted with the aboved
cDNA sequence for GRK2 PH domain protein and the
expression vectors  for GST (glutathion-s-transferase) -GRK2

PH domain fusion protein, BTK (Bruton’s tyrosine kinase)
PH domain and GST protein were constructed. The
expression of GRK2 in culture mammalian cells (6 cell lines:
PC-3,MDCK, SGC7901, Jurkat cell etc.) was determined by
SDS-PAGE and Co-immunoprecipitation. The binding of GRK2

PH domain, GST-GRK2 PH domain fusion protein and BTK
PH domain to PKC in Vitro were detected by SDS-PAGE and
Western blot, upon prolonged stimulation of epinephrine,
the binding of GRK2 to PKC was also detected by western
blot and Co-immunoprecipitation.

RESULTS: The binding of GRK2 PH domain to PKC in Vitro
was confirmed by western blot, as were the binding upon
prolonged stimulation of epinephrine and the binding of BTK
PH domain to PKC. In the present study, GRK2 PH domain
was associated with PKC and down-regulated PKC activity,
but Btk PH domain up-regulated PKC activity as compared
with GRK2 PH domain.

CONCLUSION: GRK2 can bind with PKC and down-regulated
PKC activity.
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INTRODUCTION
G protein-coupled receptor kinase-2 (GRK), also known as
β1-adrenergic receptor kinase (β-ARK1), plays an important
role in agonist-induced desensitization of the β-adrenergic

receptors. Activation of protein kinase C (PKC) is able to
stimulate phosphorylation and activation of GRKs and induce
desensitization of G protein-coupled receptor. However, the
detail mechanism of interaction between PKC and GRK2 and
the effect of GRK2 on activity of PKC remain unknown.
Pleckstrin homology (PH) domain is a kind of functional
domain containing 120 amino acids, which exist on many
protein molecules that involved in cellular signal transduction.
A PH domain located in GRK2 residue 548 to 660 may play a
significant role in mediating interaction between PKC and
GRK2. In the present study, we showed that PKC could
associate with PH domain of GRK2 in pull-down assay in vitro.
Co-immunoprecipitation displayed binding of PKC to GRK2

in intact Jurkat cells after prolonged stimulation of epinephrine.
Assay of PKCβ1 kinase activity indicated that the binding of
the PH domain of GRK2 to PKCβ1 could down-regulate the
activity of PKCβ1 kinase. Thus, GRK2 may play a negative
feedback regulatory role on PKCβ1 activity in interaction
between GRK2 and PKCβ1.
     G protein-coupled receptor kinase-2 is a member of the
GRK family existing of at least 6 GRKs[1]. GRKs are implicated
in agonist-induced phosphorylation and homologous
desensitization of G protein-coupled receptor (GPR).
Phosphorylation sites of the GPR by GRK are located in the
carboxyl tail of the receptor and involved amino acid residues
at positions serine 404 408, and 410[2]. These phosphorylation
sites are thought to initiate desensitization of GPR.
     It has been recently reported that protein kinase C (PKC)
could phosphorylate and activate GRK which sequentially
mediated desensitization of GPR[3]. In addition, PKC could
directly phosphorylate GPR and initiate desensitization of the
receptors[4]. Thus, PKC likely participates in phosphorylation
and homologous desensitization of adrenergic receptor at
multiple levels. Furthermore, both activated GRK and PKC
are recruited to the specific membrane and GRK may localize
on the membrance via its  PH domain binding to
phosphatidylinositol phosphates. Both recruitment to
membrane will facilitate the association of PKC with GRK.
Deletion or mutation of the PH domain will abolish GRK
faculty of phosphorylating and activating GPR[5]. PH domain
of GRK plays a pivotal role in mediating the phosphorylation
and desensitization of the receptors. However, as to detail
mechanism of PKC, how to interact with and activate GRK
remains unclear.
     PH domain has been distinguished from more than 100
molecules that are implicated in signaling and other biological
function. The main function of PH domains is to mediate
protein-phospholipid and protein-protein interaction. Up to
now, several molecules such as phosphatidylinositol
phosphates, Gβγ, RACK1, PKC, Gα subunit-12 and F-actin
have been identified as ligands of PH domains. It was reported
by Yao et al(1994)[6] that the PH domain of Btk and Itk
interacted with protein kinase C. Afterwards, the interactions
between PKC and other PH domains of the molecules were
also confirmed by different groups. Those PH domains that
bind to PKC share a high homology in 1st-4th β strands[7] which
formats a relatively reserved face binding to PKC. But other
PH domains that can interact with PKC remain to be identified.



PKC is a family of serine/threonine protein kinase, which plays
significant roles in numerous cellular responses (including cell
proliferation, differentiation, growth control, tumor progression,
apoptosis etc.)[8]. Besides the event of PKC phosphorylating
GRK2 discussed above, PKC can phosphorylate GRK5 and
modulate the activity of GRK5

[9]; PKC can also lead to olfactory
signal termination and desensitization[17] via other GRK2;
Agonist stimulation results in oxytocin receptor interaction with
GRK and PKC[10]. Moreover, PKC presents a manner of
phosphorylating directly to muscarinic receptor and leading
to the desensitization receptor[11].
     Like most interaction between signaling molecules, PKC
is likely associated with GRK2 before phosphorylating and
activating GRK2. To elucidate detail mechanism of interaction
between GRK2 and PKC, we reported the study on interaction
between PKC and GRK2. It is expected that present study will
provide new insights into understanding of the modulation
mechanism of PKC in GRK2 mediating signaling pathway. It
is also expected that the present investigation can illustrate the
importance of the GRK2 PH domain in interaction with PKC.

MATERIALS AND METHODS
Materials
Anti-GRK2, anti-PKCβ 1 and secondary antibodies
conjugated with horseradish peroxidase were purchased from
Santa Cruz Biotechnology. PKC assay kit (Sigma TECTTM

PKC assay system) and reverse transcription kit  were from
Promega. Glutathione-agarose beads  was from Sigma.
Expression vector pGEX-4T-1 and ECL detection kit  (for
western blotting) were from Amersham Pharmacia Biotech.
PVDF membrane was from Millipore. Rabbit IgG was from
Sino-American company (China). Protein A-agarose was
from Pierce Inc.

Methods
Construction of expression vector pGEX-PH  The mRNA
of human GRK2 (β1-adrenergic receptor kinase) was isolated
from fresh human placenta[12], and reverse transcription was
performed according to the kit protocol. cDNA of PH domain
(residue 548 to 660) [13] was amplified by PCR with
oligonucleotides containing BamHI sites (forward,
CGGGATCCGGCCACGAGGAAGACTAC) and EcoRI sites
(reverse, GGAATTCTCACCGCTGCACCAGCTGCTG). The
products were purified from agarose gel and the resulting
fragments were digested with Bam HI and EcoRI, respectively.
The resulting fragments were ligated in frame between Bam
HI and EcoRI sites of plasmid pUC-19. The resulting plasmid
(termed pUC-PH) was resolved by sequencing. The fragments
were excised from pUC-PH and ligated in frame into
expression vector pGEX-4T-1, named pGEX-PH.
Expression and purification of GST fusion protein  GST-
GRK2 PH domain, Btk PH domian and GST were expressed
in Escherichia coli strain DH5α. Here was Btk PH domian
positive control[6]. The expression was induced with 0.2 mM
of IPTG at 26  for 1 hour in LB medium containing 1 %
glucose. Briefly, the bacteria were resuspended in ice-cold STE
buffer (10 mM Tris-HCl, 150 mM NaCl,1.0 mM EDTA,1.0
mM phenylmethylsulfonyl fluoride and 0.1 mg/ml lysozyme,
pH 8.0) on ice for 20 min. The treated bacteria were added
dithiothreitol to 5.0 mM and sarkosyl to 1.5 % on ice until
the solution became viscous, and then lysed by sonicate (30-
40 output,1 min×2, at 4 ). Cell lysate was centrifuged at
10 000×g for 20 min at 4 . Component of both supernatant
and the pellet was separated by SDS-PAGE to determine the
distribution of the fusion protein. The supernatant was added
Triton X-100 to 2 %, and then filtered with 0.45 mm membrane.
The solution was saved as the fraction containing interested

proteins, and then the treated glutathione-agarose beads were
added to solution at 4  for 2 hours with occasional gentle
mixing. The beads were washed with PBS and centrifuged at
800×g, 4  for 3 min×5 times. The pellet was subjected to
SDS-PAGE in 12 % gels. In order to utilize 1 equivalent amount
of GST and fusion proteins for the following assay, the protein
concentration was modulated according to band sizes in SDS-
GAGE gel.
Determination of GRK2 expression in mammalian cell lines
MDCK, SGC7901, DU145, PC-3, U937 and Jurkat cells were
maintained in Dulbecco’s modified eagle’s medium or 1640
medium with 10 % (v/v) new born bovine serum and a 5 %
CO2 humidified atmosphere at 37 . In brief, the 107 cells
were harvested by centrifuging or scraping off, respectively,
washed by PBS at 4  and then incubated with 1 ml of lysis
buffer (20 mM Tris-HCl, pH 7.5, 10 mM KCl, 1 mM EDTA,
0.5 mM phenylmethylsulfonyl fluoride, 10 µg/ml leupeptin and
1 µg/ml aprotinin) on ice for 20 min with casually and vigorously
vortexing. The mixtures were centrifuged at 12 000×g for 10
min at 4 . The supernatants were saved as GRK2-contained
or PKB-contained preparations for western blot.
Cell culture and lysis  Jurkat T lymphocytes were maintained
as above with RPMI 1640 medium. The 2×107 cells were divided
into 2 parts and were serum-freed for 8 h. followed by 0.5 h
treatment without (Control) or with epinephrine. The stimulation
was stopped by removal of the medium and adding 3 ml of ice-
cold phosphate-buffered saline, which was also used for two
similar washing steps with centrifugation at 500×g for 5 min.
Protein-protein interaction assay  Approximately 20 µg of
the GST and GST fusion proteins immobilized on glutathione-
agarose beads was incubated with the 0.3 ml of Jurkat T
lymphocyte supernatant at room temperature for 2 hours with
gentle mixing. The beads were then washed five times with
1 ml of ice-cold PBST (PBS with 0.05 % tween-20). The
eventual bead pellet was resolved by SDS-PAGE. Equivalent
amount of the fusion protein or GST alone was used for the
following assay.
     Western blot-the resolved proteins were electrotransferred
onto PVDF membrane. The membrane was blocked by
incubating with 5 % gelatin in PBST at 37  for 1 h with
gentle vibration, and then incubated with 1 µg of anti-PKCβ1
antibody at 4  overnight. The membrane was then washed 5
times with PBST and incubated with horseradish peroxidase-
conjugated anti-rabbit secondary antibody at room temperature
for 1 h with gentle vibration. The membrane was finally washed
6 times with PBST to remove unbound secondary antibody
and visualized by using ECL (Amersham Pharmacia Biotech).
Co-immunoprecipitation assays  107 Jurkat cells were lysed
in 1 ml of lysis buffer (20 mM sodium phosphate, pH 7.5, 500
mM NaCl, 0.1 % SDS, 1 % NP-40, 0.5 % sodium deoxycholate,
0.02 % sodium azide, 0.5 mM phenylmethylsulfonyl fluoride,
2 µg/ml leupeptin and 2 µg/ml aprotinin). Briefly, 10 µg of
anti-PKCβ1, or anti-GRK2 antibodies and rabbit IgG were
added to 200 µl of the lysate, respectively, then the samples
were incubated overnight at 4 . The products were added 40
ml of immobilized protein A (Pierce Inc) and incubated at room
temperature for 2 h with gentle mixing. The products were
added 0.5 ml lysis buffer (without protease inhibitor) and
centrifuged at at 500×g, 4  for 3 min. The supernatant was
discarded and this procedure was repeated for 6 times. In brief,
the pellets were subjected to SDS-PAGE. The proteins were
electrotransferred onto PVDF membranes. The membranes
were blocked with gelatin and incubated with anti-PKCβ1 or
anti-GRK2 antibodies, respectively. The membranes were
probed and visualized as described above.
PKC kinase assay  The fusion proteins and GST were purified
as described above, and washed extensively with PBST. After
washing, the GST-fusion proteins and GST were eluted with
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20 mM of reduced glutathione in 50 mM Tris·HCl (pH 8.0).
The eluted proteins were concentrated using a Centricon
(Millipore). Protein concentrations were determined with
Bradford reagent (Bio-Rad). Equivalent amounts of the protein
were added to the 100 µl lysate of Jurkat cells. According to
manufacturer’s instruction (Sigma TECTTM PKC assay
system), the activity of PKC in the lysate was determined by
subtracting the radioactivity of the reaction with control buffer
and 100 µM PKC peptide inhibitor from that of the reaction
without activated buffer nor the PKC inhibitor. The experiment
was performed in triplicate samples for each groups. The data
were presented as percentage of PKC activity and the control
was used as 100 %.

RESULTS

Binding of GRK2 PH domain to PKC in vitro
To search for potential binding between the expressed proteins
(GST-GRK2 PH domain, GST-Btk PH domain and GST) and
PKCβ1, the proteins immobilized on glutathione-agarose beads
were added to lysate of Jurkat cells, and then the products were
subjected to SDS-PAGE and Western blot. The potential
PKCβ1 was probed with anti- PKCβ1 antibody. As shown in
Figure 1, the GST fusion proteins encompassing GRK2 PH
domain and GST-Btk PH domain associated specifically with
PKCβ1 because the GST did not pull out PKCβ1 under the
same experimental conditions. Binding of Btk PH domain to
PKCβ1 was formerly approved. We confirmed the binding of
GRK2 PH domain to PKCβ1 which was specific in vitro.

Figure 1  The binding of PH domain to PKC by Western blot
with the antibody to PKC. Lane 1, 2, 3, 4 and 5 were the GST-PH
domains of IRS-1, GRF/c, β-ARK1, PLCγ/n and Btk, respectively;
lane 6 was the GST; lane 7 was lysate of Jurkat cells.

Determination of expression of GRK2 in cultured mammalian cells
In order to detect the association of GRK2 with PKC in vivo, GRK2

expression of 6 cell lines were confirmed by western blot in
advance. The same amount of the protein was utilized in SDS-
PAGE. The results indicated GRK2 were expressed in PC-3,
MDCK,7901 and Jurkat cell lines. The GRK2-antibody could react
with GRK1 in MDCK and 7901 cell lines,and the antibody could
specifically recognize GRK2 in Jurkat cells. Thus, the following
Co-immunoprecipitation assays was performed in Jurkat cells.

Figure 2  The expressing of GRK2 by Western blot with the
antibody to GRK2. Lane 1, 2, 3, 4 were the results of Western
blot in PC-3, MDCK, 7901 and Jurkat cell line respectively. Lane
5,6 was GST.

Binding of GRK2 to PKC upon prolonged stimulation of epinephrine
Phosphorylation and activation of GRK by PKC enhance
desensitization of G protein-coupled receptor. In the pull-down
assay, our result indicated that the PH domain of GRK2 was
associated specifically with PKC in vitro. To determine the

association of PKC with GRK2 in vivo after stimulation of the
agonist of β-ARK, 100 µm epinephrine was added to the cells
in 1640 medium for 30 min. Co-immunoprecipitation was
performed with specific anti-GRK2 and anti-PKC antibodies
in co-precipitation and detection of PKC and GRK. After
stimulation of 100 µm epinephrine for 30 min, PKC was
detected out in the precipitate of GRK antibody and GRK was
detected out in precipitate of PKC antibody, respectively. In
contrast, the PKC did not bind to GRK2 in the intact cells
without stimulation of epinephrine. Thus, the results indicated
that the association of PKC with GRK2 was involved in GRK2

activation and desensitization of G protein-coupled receptor.

Figure 3  After stimulation of epinephrine, Co-immunopre-
cipitation was performed with anti-GRK2 and anti-PKC in co-
precipitation and detection of PKC and GRK2. Lane 1 was PKC
detected in precipitate of GRK antibody, lane 2 was GRK2 de-
tected in precipitate of PKC antibody.Lane 3 indicated the PKC
did not bind to GRK2 in the intact cells without stimulation of
epinephrine ,lane 4 was the lysate of Jurkat cell.

Effects of GRK2 and Btk PH domains on PKC activity
Effects of proteins on PKC activity were determined as described
under the experimental Procedures. After purification as
described above, the expressed proteins were eluted and dialysed
in PBS. Equivalent amounts (20 µg) of GST-GRK2 PH domain,
GST-Btk PH domain and GST were added to the lysate of Jurkat
cell lysate (100 µl) in determining PKC activity. When Btk
associated with PKC, Btk activity was down-regulated by PKC
and PKC activity was up-regulated by Btk PH domain. In the
present study, GRK2 PH domain was associated with PKC and
down-regulated PKC activity but Btk PH domain up-regulated
PKC activity as compared with GST and untreated cells.

Figure 4  Effects of the PH domain on PKC activity measured
by protein kinase C Assay System. The volume was percent-
age of PKC activity. The data were representation of two
experiments. Lanes 1, 2, 3, 4 and 5 were GST-PH domain of
IRS-1, GRF/c, β-ARK1, PLC γ/n and Btk, respectively; lane 6
wasthe GST; lane 7 was lysate of Jurkat cells.

DISCUSSION
The GRK family is composed of six members, namly GRK 1-
6. Of these, GRK2 phosphorylates G protein-coupled receptors
(GPCRs) and plays an important role in mediating homologous
desensitization of GPCRs. Chuang’s work showned the activity
of GRK2 was increased[14] in a protein kinase C (PKC)-dependent
manner. Further study demonstrated that PKC could directly
phosphorylate GRK. This study suggested that GRK could be
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activated via phosphorylation of PKC. Recent work had led to
the identification of phosphorylation site at GRK2, the study of
Krasel and co-worker showed that PKC phosphorylated GRK2

at serine 29[15], but the detail mechanism of PKCβ1 recognizing
and binding to GRK2 remains unknown. In present study, we
reported that GRK2 could bind to PKC via its carboxyl-terminal
PH domain in vitro, which was a fundamental event in mediating
interaction between PKC and GRK2. The present result suggested
the GRK ph domain had an analogous fashion to PH domain of
Btk and Itk, which could interact with protein kinase C[6] in our
previous study. The PH domain of GRK2 is probably involved
in directly binding of GRK2 to PKC and facilitates
phosphorylation and activation of GRK2 by PKC.
      Stimulation of agonist (epinephrine) on adrenergic receptor
results in association of PKCβ1 with GRK2 in Jurkat cells.
GRK2 could through its PH domain can directly bind to PKC
and then be phosphorylated by PKC. But in intact cells (without
stimulation of epinephrine), PKC and GRK2 are in dissociated
state. The epinephrine stimulation on adrenergic receptor may
activate phospholipase C (PLC), and initiates a cascade of
events. The stimulation causes PLC-mediated hydrolysis of
inositol phospholipids, and results in calcium mobilization and
production of second messenger diacylglycerol (DAG). The
DAG and Ca++ are activators of PKC, and cause activation of
PKC[16]. In the present study, activated PKC is likely to bind to
and phosphorylate GRK2 directly, which phosphorylates G-
protein coupled receptor and results in receptor desensitization.
In this signaling pathway, activation of PKC appears to be
prior to receptor desensitization and is of fundamental
importance in regulating the receptor desensitization.
    Those PH domains from Btk, β-spectrin, dynamin and
amino-terminal of AFAP-110 known directly binding to PKC
share a high homology at first three β-sheets[7]. These β-sheets
form conserved structure elements and may specifically bind
to PKC. Table 1 showed the residue comparison of PH domains
from GRK2 and GRK3 with these PH domains. The PH domain
of GRK2 and GRK3 matches that consensus well. This may
form a structured base of PH domains binding to PKC.

Table 1  First three β sheets of PH domains of GRK2 and GRK3

are compared with other PH domain known or predicted to
bind to PKC

PH domain (source)    β1 β2           β3

Btk   ESIFLKT--SQQKKKTSPLS--NFKKRLFLLT-VH-KLSYYEYDF

β-spectrin   MEGFLNRKH-EWEAHNKKASSR-SWHNVYCVIN-NQ--EMGFYKDAK

Dynamin   RKGWLTI---NNIGIMKGGS----KEYWFVLT--AE--NLSWYKDDE

AFAP, Nt PH domain   ICAFLLRKK-RFGQ----------WTKLLCVIK-EN--KLLCYKSSK

Consensus 1* +* ++***** +L 1p

GRK2   MHGYMSKM--GNPFLTQ-----WQRRYFYLF---PN--RLEWRGEGEA

GRK3   MHGYMLKL--GNPFLTQ-----WQRRYFYLF---PN--RLEWRGEGES

Consensus sequence is shown and symbols used are as in the
paper of Baisden et al. 1 indicates aromatic residues, + indi-
cates positively charged residues, *indicates hydrophobic
residues, indicates polar residues. The sequences of GRK2 and
GRK3 from Zheng et al[18].

     The previous study revealed PKC inhibited the activity of
Btk kinase via binding to Btk PH domain[6], but the binding
effect on PKC activity remains unclear. In the present study,
the effects on PKC activity of Btk and GRK2 PH domains were
determined with GST. Compared with GST or control, Btk
PH domain could increase PKC kinase activity, but GRK2 PH
domain inhibited PKC kinase activity. The mechanism of
activation or inhibition of PKC activity might lie in the PH

domains binding to PKC regulatory domain and regulating
activity of PKC kinase. Biological function of Btk PH domain
inhibiting PKC activity will be laid in future investigation. The
present study indicated that PKC through its binding to the PH
domain of GRK and facilitates phosphorylation and activation
of GRK by PKC when stimulated by epinephrine. On the other
hand, GRK2 PH domain appeared to play a negative feedback
regulatory role on PKC activity. GRK2 immediately turns off
PKC kinase activity on GRK after PKC completed
phosphorylation and activation of GRK.
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Abstract
AIM: To propose a simple and effective method suitable for
analyzing the angle and distribution of 2-dimensional collagen
fiber in larger sample of small intestine and to investigate
the relationship between the angles of collagen fiber and
the pressure it undergoes.

METHODS: A kind of 2-dimensional visible quantitative
analyzing technique was described. Digital image-processing
method was utilized to determine the angle of collagen fiber
in parenchyma according to the changes of area analyzed
and further to investigate quantitatively the distribution of
collagen fiber. A series of intestinal slice’s images preprocessed
by polarized light were obtained with electron microscope,
and they were processed to unify each pixel. The approximate
angles between collagen fibers were obtained via analyzing
the images and their corresponding polarized light. The
relationship between the angles of collagen fiber and the
pressure it undergoes were statistically summarized.

RESULTS: The angle of collagen fiber in intestinal tissue
was obtained with the quantitative analyzing method of
calculating the ratio of different pixels. For the same slice,
with polarized light angle’s variation, the corresponding ratio
of different pixels was also changed; for slices under different
pressures, the biggest ratio of collagen fiber area was
changed either.

CONCLUSION: This study suggests that the application of
stress on the intestinal tissue will change the angle and
content of collagen fiber. The method of calculating ratios
of different pixel values to estimate collagen fiber angle was
practical and reliable. The quantitative analysis used in the
present study allows a larger area of soft tissue to be analyzed
with relatively low cost and simple equipment.

Zeng YJ, Qiao AK, Yu JD, Zhao JB, Liao DH, Xu XH, Hans G. Collagen
fiber angle in the submucosa of small intestine and its application
in gastroenterology. World J Gastroenterol  2003; 9(4): 804-807
http://www.wjgnet.com/1007-9327/9/804.htm

INTRODUCTION
Several G.I. diseases can change the collagen fiber structure
in the G.I. tract[1-4]. The collagen fiber content and its
distribution outside the cell are closely related to some diseases.
For example, systemic sclerosis (scleroderma) will replace
smooth muscle and deposit large amounts of collagen instead.
Gastrointestinal sclerdema is a common clinical disorder;
however, due to its complicated etiology, most of them are
not easily diagnosed and all the patients with such disease
manifested distinct collagen fiber transformations. Early
co llagen f iber  t ransformat ions are  swell ing  and
homogenization and then become thickened, sclerosed and
arranged in a close order[5-9]. Collagen synthesis is increased
especially the ratio of fine collagen fibers; at the same time,
the smooth muscle fiber bundles become homogeneous,
sclerosed and atrophic. There are changes occurred in the
orientation of collagen fibers[10-13]. Obstructive diseases could
also change the collagen structure and content[14-16]. In normal
tissue the submucosal layer consist almost entirely of collagen,
which is called the skeleton of the small intestine, and it is
well known that the fibers run in a cross-cross pattern with 30
degrees angle in longitudinal direction[17-20]. The directional
distribution of collagen fibers has a very important role in
studying the function and self-repair of soft tissue[21].
     The application of digital image-processing technology in
medicine field has offered an accurate, simple, convenient and
rapid method for the measurement and analysis of large
amounts of medical images, especially for the quantitative
analysis of smaller pictures, such as microscopic images. At
the present time, the techniques for the quantitatively analyzing
the distribution of collagen fibers consist mainly of several
kinds as follows: that is, the method of quantitatively polarized
light microscopy, small angle beam dispersion, image analysis
and X-ray diffraction. These methods will sometimes be
constrained by the image size, time cost or image connecting,
and 90o orientation of template etc[23].
     The purpose of this paper is to propose a method suitable
for analyzing the angle and distribution of 2-dimensional
collagen fiber in larger sample and to investigate the
relationship between the angles of collagen fiber and the
pressure it undergoes. At the same time, this paper also offers
an effective method for research of the large area collagen
fiber distribution.

MATERIALS AND METHODS

Isolation of small intestine
Seven Sprague-Dawley (250-300 g body wt) rats were used in
this sdudy. They were fasted but free access to water for 24
hours before experiment. Approval of the protocol was obtained
from the Danish Animal Experiment Committee. After animal
was euthanized by cervical dislocation, its abdomen was opened
and the small intestine was separated from the adjacent organs.
An 18-cm-long segment from the middle part of small intestine
was cut and excised within 2 min, then transferred to an organ
bath containing oxygenated Krebs-Ringer-bicarbonate solution
at pH 7.4 with 6 % Dextran and 2 mL EGTA.



Procedures
The specimen was further cut into six 3-cm-long segments.
One of the six segments served as control and was fixed in 4 %
formalin in no-load condition. The 5 segments left had one
end ligated while the other end was connected via a tube to a
fluid container for application of different pressures, which
were 2, 5, 10, 15 and 20 cm H2O respectively. Before we
pressurized the intestinal segments, we placed some
microbeads on surface of the middle part of the segments. Then
the outlet was clamped to maintain the volume. After applying
pressure for 3 minutes, a record of the whole intestine segment
and the part with dots was obtained using video-camera (SONY
CCD/RGB, JAPAN) to monitor the whole process (refer to
Figure 1) performed under room  temperature.
     After the specimen was fixed in 4 % formalin for 24 hours,
1.0 cm long and 0.5 cm long transverse sections were taken
from the middle part of specimen and dehydrated in a series of
graded ethanol (70 %, 90 %, 95 % and 100 %) and embedded
in paraffin respectively. 5 µm serial slices were cut and stained
with picrosirius red for collagen analysis and HE (hemotoxylin
and eosin) for general histological observation[22-26].

Figure 1  Slice record.

Image acquire
A series of polarized images of intestine slice was acquired by
the recorder through microscope at every δ degree angle, and
then stored in computer through image collecting card with
TIFF format (RGB system type). The TIFF format, a very
popular in use currently to reflect the details of the slice images
distinctly, and the pixel values in the polarized images are
suitable for the principles presented previously very well[27-29].
Therefore we took the TIFF form to verify the method’s
feasibility and practicality.
     In polarized light microscope, polarized light is delivered
onto the sample to be analyzed and handled after being passed
through two filter glasses. When the angle between optical
axis of the two polarizing lens is 0 degree (that is, both of the
two optical axis are parallel to the muscle direction), the
blackest image area will be the part where the collagen fiber
angle is 90 or 0 degree to the optical axis. Such an image area
is also the part where the pixel values are minimum. Therefore,
through image analysis we can find out all the area where the
collagen fibers are parallel to muscle direction and thereby
figure out the area ratio between the study area and the entire
analysis Area (abcd). In the slice image analysis, the collagen
fiber manifested as some pink striation (f) and the muscle fiber
(e) some buff [4] (refer to Figure 2).
    Rotating the polarizing eyepiece while maintaining the
objective lens and the experiment sample stable can make
muscle fiber direction coincide with the optical axis of
polarizing objective. When the polarizing eyepiece is rotated
δ degree, all the areas where the collagen fiber are δ degree or
90 + δ degree with the muscle fiber will present in the blackest

part[21], in this way, their ratio to the entire analyzing area can
be figured out as well.
     Accordingly, we can obtain the relationship between the
angle and its area ratio to the entire area. Since the collagen
fiber distribution is uniform, that is, reticular in shape, its
longitude and latitude lines are +30 degree and -30 degree to
the muscle fiber direction. The area ratio for which is therefore
the biggest, we can utilize the area ratio to reckon  the collagen
fiber angle.

(a) Original image

(b) Polarized image (δ=0 degree)

(c) Polarized image (δ=5 degree)

(d) Polarized image (δ=10 degree)

Figure 2  Image processing.
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Image processing
The image processing is the key part of the research, which is
eventually based on the analysis of every image’s pixels,
namely, first to normalize the pixel value and then to use proper
algorithms to obtain results. When all the data are summed up,
the distribution relationship of collagen fibers can be obtained
reversely through the regression curve.
     Since the scope of the images recorded is so large that there
can include a great deal of muscle tissue and other unrelated
background (Figure 2), which should be removed by the image
filter before the analysis. The area selected for analysis should
be done on the original image before it was polarized.
      In this study, the background noises were excluded directly
with a frequency domain strengthening method because both
of the edge and noise in the image correspond to the high
frequency section of the image’s Fourier transformation, we
could weaken this part of the frequency to lessen its influence
in the frequency domain[30-33].

Data processing
For the purpose of saving much more information of each pixel,
the matrix was unified. Take matrix F (m,n) as the basis for
further processing, the data less than the chosen threshold value
were considered as the collagen fiber area in the polarized
image. Figure out the pixel’s number that was less than the
chosen threshold value s (j)[34,35]. And made:

 s (j)
b(j)=           ;

m×n

b(j) was equal to the area ratio of collagen fiber and the chosen
observed area in polarized image j. From this we got series of
the ratio sequence, which were stored into array Y(j).

RESULTS
According to the steps mentioned above, the calculation results
were shown in Table 1, where the first column listed the pressures
the tissue were received and the first row was the polarized light
angles being rotated. We found that for the same slice, with
polarized light angle’s variation, its corresponding area ratio is
not identical; for each tissue under different pressures, its biggest
area ratio is not identical either. To obtain the smooth curve
showing the relationship between the angle and the
corresponding ratio, we made a nonlinear normality on the
sample data[36], the abscissa of the curve was δ’s integer multiple
and the ordinate the series value in array Y(i) (Figure 3).
      The relationship between pressures tissue received and their
corresponding fiber angle was shown in Figure 4.
      The relationship between pressures tissue received and their
corresponding biggest ratio was shown in Figure 5.
      We tested other intestinal slice’s images (of the same animal)
and found that their properties above were similar by and large.

Figure 3  Relationship between angles of polarized light and
their corresponding pixel ratio in series of slice images.

Figure 4  Relationship between pressures tissue received and
their corresponding fiber angle.

Figure 5  Relationship between pressures tissue received and
their corresponding biggest ratio.

DISCUSSION
From the data in Table 1, we found that in the same tissue
sample there exist obvious alterations in the collagen area ratio

Table 1  Area ratio of slice image at different angles within various distension pressures (δ=5o, *is the biggest area ratio of this
slice image)

δ     0o             5o       10o    15o    20o            25o         30o    35o            40o      45o

H2O

  0 cm .7288         .7465    .7016 .6694 .6238         .5978      .7666* .5290         .4852   .4669

  2 cm .7649         .7713    .7732 .7890 .7576         .7399      .7245 .7956*         .6730   .6654

  5 cm .6817         .6874    .6959 .7118 .7535         .7591      .7632 .7744         .7976*   .7664

10 cm .7162         .7375    .7563 .7877* .7730         .7469      .7272 .6866         .6764   .6684

15 cm .7139         .7285    .7455 .7611 .7760         .8337*      .8000 .7693         .7580   .6873

20 cm .7548         .7700    .7885 .8125 .8270*         .7807      .7457 .7400         .7372   .7320
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as the angles of polarized light changed; In different slice’s
images with different pressures, its biggest ratio was also not
identical (Figure 4), and the biggest value was fairly obvious.
However, it can not be determined whether the magnitude of
collagen fiber angle and the fiber content are all in direct
proportion with the pressure that the intestines received (Figure
4, Figure 5), because this depends some degree on the way
how it receives the pressure. Using other methods to change
its stress still needs to be tested in future experiments. The
method of calculating ratios of different pixel values to estimate
collagen fiber angle has its feasibility and reliability, which
allows a larger area of soft tissue being analyzed with relatively
low cost and simple equipment. The disadvantage of this method
is the difficulty in determining an appropriate threshold value
as well as a definite scope suitable for analyzing which have
very important influence on the study results. At the same time,
the less δ is to be selected, the more accurate the angle will be.
     This paper has tried to acquire the collagen fiber angle of
soft tissue in intestine slice through introducing a quantitative
analysis method for calculating different pixel values whose
validity is verified with computer program, and suggested a
practical and effective method for basic research on G.I. disease.
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Abstract
AIM: To determine the regulation effects of recombinant
human growth hormone (rhGH) on dipeptide transporter
(PepT1) in Caco-2 cells with normal culture and anoxia/
reoxygenation injury.

METHODS: A human intestinal cell monolayer (Caco-2) was
used as the in vitro model of human small intestine and
cephalexin as the model substrate for dipeptide transporter
(PepT1). Caco-2 cells grown on Transwell membrane filters
were preincubated in the presence of rhGH in the culture
medium for 4 d, serum was withdrawn from monolayers for
24 h before each experiment. The transport experiments of
cephalexin across apical membromes were then conducted;
Caco-2 cells grown on multiple well dishes (24 pore) with
normal culture or anoxia/reoxygenation injury were
preincubated with rhGH as above and uptake of cephalexin
was then measured.

RESULTS: The transport and uptake of cephelaxin across
apical membranes of Caco-2 cells after preincubation with
rhGH were significantly increased compared with controls
(P=0.045, 0.0223). Also, addition of rhGH at physiological
concentration (34 nM) to incubation medium greatly
stimulates cephalexin uptake by anoxia/reoxygenation
injuried Caco-2 cells (P=0.0116), while the biological
functions of PepT1 in injured Caco-2 cells without rhGH were
markedly downregulated. Northern blot analysis showed that
the level of PepT1 mRNA of rhGH-treated injured Caco-2
cells was greatly increased compared to controls.

CONCLUSION: The present results of rhGH stimulating the
uptake and transport of cephalexin indicated that rhGH greatly
upregulates the physiological effects of dipeptide transporters
of Caco-2 cells. The alteration in the gene expression may be
a mechanism of regulation of PepT1. In addition, Caco-2 cells
take up cephalexin by the Proton-dependent dipeptide
transporters that closely resembles the transporters present
in the intestine. Caco-2 cells represent an ideal cellular model
for future studies of the dipeptide transporter.

Sun BW, Zhao XC, Wang GJ, Li N, Li JS. Hormonal regulation of
dipeptide transporter (PepT1) in Caco-2 cells with normal and
anoxia/reoxygenation management. World J Gastroenterol
2003; 9(4): 808-812
http://www.wjgnet.com/1007-9327/9/808.htm

INTRODUCTION
Transport of protein in the form of small peptides (di/
tripeptides) across the small intestinal wall is a major route of
dietary protein absorption. The H+-coupled dipeptide
transporter, PepT1, is known to be located in the intestine and
the kidney, and plays an important role in the absorption of di/
tripeptide; in addition, it mediates the intestinal absorption of
β-lactam antibiotics, angiotensin-converting enzymeinhibitors,
and other peptide-like drugs[1].
    To investigate the properties of the human dipeptide
transporter, the human intestinal cell line Caco-2 as an in vitro
model was employed. The dipeptide transporters normally
found in the small intestine are present in Caco-2 cells[2-4]. Also,
Caco-2 cells spontaneously differentiate in culture to polar cells
possessing microvilli and enterocytic properties[5]. Confluent
monolayers form tight junctions between cells[5], and exhibit
dome formation[6] and electrical properties of an epithelium[7].
These cells have been evaluated in detail as a model to study
both transcellular and paracellular transport of nutrients and
drugs in the gut[8-12].
   Previous studies have shown that some hormones
metabolically regulate the expression of the intestinal dipeptide
transporter[13,14]. For example, as the key hormone, insulin
increases the membrane population of PepT1 by increasing its
translocation from a preformed cytoplasmic pool[14]. However,
little is known whether another important hormone, growth
hormone (GH), also metabolically regulate the functions of
PepT1. The present study was undertaken to evaluate the
potential effects of recombinant human growth hormone
(rhGH) for the study of the properties of the human PepT1.
Especially, we observed the regulation effects of rhGH to
PepT1 in Caco-2 cells which were normally cultured or anoxia/
reoxygenation injuried. Because dipeptide and some β-lactam
antibiotics (cephalexin, cefaclor etc.) share certain structural
features such as a peptide bond with an α-amino group and a
terminal carboxylic acid group (as illustrated in Figure 1 for
cephalexin), it is not surprising that these compounds share a
common transport mechanism. Unlike dipeptides, these orally
absorbed antibiotics are not hydrolyzed by intestinal peptidases.
Consequently, these kinds of drugs are ideal substrates to
characterize the PepT1[15-17]. In this study, the uptake and
transport of cephalexin were examined.

MATERIALS AND METHODS
Materials
Cephalexin (Figure 1) was obtained from Nanjing No.2
Pharma.Co. Ltd. rhGH was purchased from Laboratoires
Serono S.A. (Switzerland). All other chemicals were purchased
from Sigma (St. Louis, MO), unless specified. Cell culture



reagents were obtained from Gibco (Grand Island, NY) and
culture supplies from Corning (Corning, NY) and Falcon
(Lincoln Park, NJ).

Figure 1  Structure of cephalexin used in this study.

Cell culture
The human adenocarcinoma cell line Caco-2 was obtained from
American Tissue Culture Collection (ATCC, Rockville. MD,
U.S.A). The cells were passaged as previously described[18].
Caco-2 cells were grown in Dulbecco’s Modified Egle’s
Medium supplemented with 1 % nonessential amino acids,
10 % fetal calf serum (FCS), 1 000 UL-1 penicillin, and 1 mg·L-1

streptomycin (Complete DMEM). For transport Studies, Caco-
2 cells were seeded on the polycarbonate filter (0.4-µm pores,
4.71-cm2 growth area) in the Transwell Cell Culture Chamber
System (Costar, Cambridge, MA) at a density of 600 000
cells/filter. The cell monolayers were cultured with 1.5 and
2.6 ml of complete DMEM at the apical and the basolateral
chamber, respectively. To assess the integrity of the monolayer,
transepithelial electrical resistance (TEER) was monitored by
measuring the transmembrane resistance. After subtracting
intrinsic resistance (filter alone without cell monolayers) from
the total resistance, TEER was corrected for surface area and
expressed as  cm2. Transport studies were carried out with
cell monolayers that were 21-25 days old. For uptake studies,
cells were seeded in the collagen-coated multiwell dishes (24
pore) with the same cell density. All the medium were replaced
every day when each experiment began. Monolayers were kept
at 37 , 5 % CO2, and 90 % related humidity.

Transport studies
Before the transport experiments, the culture medium was
replaced every day from both sides of the monolayers, 1.5 ml
pH 7.0 culture medium with 34nM rhGH were added to apical
chamber of Transwell, while 2.6 ml pH 7.0 culture medium
without rhGH were added to basolateral chamber. Then Caco-
2 cells were cultured for 4 days. The controls were incubated
with PH 7.0 culture medium both in apical side and basolateral
side. All the monolayers were washed during each experiment.
The apical chamber were then filled with 1.5 ml solution
containing 1 mM cephalexin. Transport was examined within
the time range of 0, 5, 10, 30, 60, 90, and 120 min. At the end
of the incubation period, the inserts of Transwell were removed
and the transport samples were obtained from the basolateral
chambers. The concentrations of cephalexin of the transport
samples were determined by High Performance Liquid
Chromatography (HPLC, LC-10AT SHIMADIU, Japan) using
an isocratic solvent system described previously[19] and the OD
value was monitored at 254 nm.

Uptake studies
Using the same way as the transport experiments, the Caco-2
cells cultured in the multiwell dishes (24 pore) were cultured
for 4 d with 34 nM rhGH. After washing the monolayers, the
transport medium with 1 mM cephalexin was added to the
pores and uptake was measured at 0, 5, 10, 30, 60, 90, and

120 min. At the end of the incubation period, cell monolayers
were washed with pH 7.4 PBS to remove any extracellular
cephalexin. Accumulated concentrations of cephalexin were
determined by HPLC after the cells were lysed.

Anoxia-reoxygenation cells model
After Caco-2 cells were plated, media within the wells was
reduced to a uniformly thin layer to reduce the diffusion
distances for atmospheric gases, while maintaining cell ability.
During culture, the monolayers were normally exposed to an
atmosphere consisting of 95 % air and 5 % CO2. Anoxia was
produced with an atmosphere of 95 % N2 and 5 % CO2 for 90
min, reoxygenation was produced by restoration of the 95 %
air, 5 % CO2 for 30 min. After the period of reoxygenation,
the volume of media was restored to the initial volume of 1.0
ml[20] (Figure 2).

Figure 2  Appearance of scan electronic microscopy of Caco-
2 cells. (A) Tight junction formation of normal Caco-2 cells.
×1 000; (B) Tight junction of A/R Caco-2 cells was destroyed
partially. ×1 000.

Protein determination
Cells were lysed for 20 min or ice in 2 % Nonidet P-40, 0.2 %
SDS, 1 mM dithiothreitol (DTT) in PBS, and total cellular
protein was determined using Dc Protein Assay Reagent
(BioRad).

Concentration dependence of cephalexin transport
To examine the kinetics of cephalexin transport by rhGH-
treated Caco-2 cells, the different concentrations of cephalexin
range of 20 to 80 µg·ml-1 were used.

Northern blotting
Total RNAs were isolated from the Caco-2 cell fractions by
extraction with acid guanidine thiocyanate-phenol-chloroform.
Total RNAs were denatured by heating at 70  in 10 mmol·L-1

3-(N-morpholino) propanesulfonic acid (pH 7.0) containing 5
mmol·L -1 sodium acetate,  1 mmol·L -1 ethylenedi-
aminetetraacetic acid (EDTA), 2.2 mol·L-1 formaldehyde, and
50 % (vol/vol) formamide for 5 minutes and subjected to
electrophoresis in 1.2 % agarose gel containing 2.2 mol·L-1

formaldehyde. Resolved RNA was transferred to hybridization
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and was performed in a solution that contains 50 % formamide,
5x sodium chloride-sodium phosphate-EDTA, 2x Denhardt’s
solution, and 1 % sodium dodecyl sulfate (SDS). The membranes
were exposed and analyzed by Fuji BAS-2000 system. The
cDNA probe was prepared from human cDNA libraries.

Sense      5’TTTGGATCCCGGAGTAAGGCATTTCCCAAG 3’,
Antisense   5’CCGAAGCTTTCAGGAAGGAGCCTGAGAATATGAG 3’.

Statistical analysis
Data were expressed as mean ±SE. Differences between
experimental groups were assessed by analysis of Variance. P
values of <0.05 were considered statistically significant.

RESULTS

Transepithelial cephalexin transport in Caco-2 cell with
normal culture
Caco-2 cells were seeded at a high density of 600 000 cells/
filter, the transport of 1 mM cephalexin across rhGH-treated
Caco-2 monolayers, apical-to-basolateral, was examined at PH
6.0 in the donor and pH 7.4 in the receiver compartment.
Integrity of the monolayers was monitored by TEER. The
apical-to-basolateral transport of cephalexin was significantly
increased compared with the controls (P=0.0045) (Figure 3).

Figure 3  Transport of 1 mM cephalexin in Caco-2 cells. Caco-
2 cells were cultured with rhGH in apical side for 4 days. The
controls were incubated with PH 7.0 culture medium without
rhGH both in apical side and basolateral side. All the mono-
layers were washed in each experiment. The apical chambers
were then filled with 1.5 ml solution containing 1 mM
cephalexin. Transport was examined within the time range of
0, 5, 10, 30, 60, 90, and 120 min. At the end of the incubation
period, the inserts of Transwell were removed and the trans-
port samples were obtained from the basolateral chambers. The
concentrations of cephalexin of the transport samples were
determined by HPLC. The apical-to-basolateral transport of
cephalexin was significantly increased compared with the con-
trols (P=0.0045).

Uptake of cephalexin in Caco-2 cells with normal culture
Uptake experiments with cephalexin were performed 6-8 days
affter seeding and 18 h after media replacement. Cephalexin
uptake was measured in the presence and absence of 34nM of
rhGH. The differences were significant (P=0.0223), and the
results were summarized in Figure 4.

Uptake of cephalexin in anoxia/reoxygenation Caco-2 cells model
Caco-2 monolayers were initially subjected to a 90-minute
period of anoxia followed by a 30-minute period of
reoxygenation. This was selected as optimal for the main body
of the experiment on the basis of the results of our initial
experiments. Consequently, the effect of the presence of rhGH
on cephalexin uptake via the PepT1 of anoxia/reoxygenation

Caco-2 cells were examined (Figure 5). The present studies
indicated that uptake and transport of cephalexin by the normal
and anoxia/reoxygenation Caco-2 cells were significantly
increased under the influence of rhGH.

Figure 4  Uptake of 1 mM cephalexin in Caco-2 cells. Caco-2
cells cultured in the multiwell dishes (24 pore) were cultured
for 4 d with 34 nM rhGH. After washing the monolayers, the
transport medium with 1 mM cephalexin was added to the
pores and uptake was measured at 0, 5, 10, 30, 60, 90, and 120
min. At the end of the incubation period, cell monolayers were
washed with PH 7.4 PBS to remove any extracellular
cephalexin. Accumulated concentrations of cephalexin were
determined by HPLC after the cells were lysed. The differences
were significant (P=0.0223).

Figure 5  Uptake of 1 mM cephalexin in Caco-2 cells with an-
oxia/reoxygenation injury. Caco-2 monolayers were initially
subjected to a 90-minute period of anoxia followed by a 30-
minute period of reoxygenation. The effect of the presence of
rhGH on cephalexin uptake via the PepT1 of anoxia/
reoxygenation Caco-2 cells was examined. The differences were
significant (P=0.0116).

Northern blot analysis
Northern blots of Poly (A)+ RNA, prepared from anoxia/
reoxygenation Caco-2 cells grown either under control
conditions or in medium supplemented with 34nM rhGH, were
probed separately with 32P-labelled hPepT1 and β-actin
cDNAs. The studies showed that the level of mRNA in rhGH-
treated Caco-2 Cells was increased 1.3-fold compared with
the controls.

Concentration dependence of cephalexin transport
Transport experiments were performed across the rhGH-treated
Caco-2 cells using the different concentrations of cephalexin
range of 20 to 80 µg·ml-1. The results (Figure 6) indicated that
the transport of cephalexin was increased both in rhGH-treated
Caco-2 cells and Controls. However, the extent of upregulation
of rhGH on the transport was greater than the controls followed
the increase of the concentration of cephalexin.
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Figure 6  Concentration-dependent transport of cephalexin.
The kinetics of cephalexin transport by rhGH-treated Caco-2
cells showed that the transport level of Caco-2 cells was in ac-
cordance with the concentration of cephalexin. The concentra-
tions of cephalexin range of 20 to 80 µg·ml-1 were used. Trans-
port was determined at the different time-point (a, 15 min; b,
30 min; c, 45 min). The extent of upregulation of rhGH on the
transport was greater than the controls followed the increase
of the concentration of cephalexin.

DISCUSSION
The nutritional importance of amino acid uptake in the form
of short-chain peptides (di/tripeptides) is well known[21]. The
intraluminal products of protein digestion are predominantly
small peptides[22]. A significant fraction of the dietary amino
nitrogen is absorbed as intact dipeptide rather than free amino
acids. Absorption of these small peptieds from the
gastrointestinal (GI) tract of mammals occurs via the dipeptide
transporter (PepT1). Previous studies have shown that the
functions of intestine (including PepT1) were changed under
the influence of many factors[23,24]. PepT1 seems to play
important roles in nutritional and pharmacological therapies;
for example, it has allowed the use of small peptide as a source
of nitrogen for enteral feeding and the use of oral route for
delivery of peptididomimetic drugs such as β-lactam
antibiotics. PepT1 was located at the brush-border membranes
of the absorptive epithelial cells along the small intestine but
absent in crypt and goblet cells[25,26].
     To examine the functions of PepT1, we used Caco-2 cells
(the human adenocarcinoma cell line) as a unique in vitro
intestinal model[27]. One clear advantage of the Caco-2 cells is

that the cells stay viable throughout the transport studies. Also,
a monolayer of cells may be grown on a porous support to
represent an intact epithelium. Some β-lactam anibiotics
(cephalexin) and dipeptied share certain structural features,
and they are generally in the D-form, which allows them to
escape hydrolysis by cytoplasmic peptidases. So these
compounds share a common transport mechanism[28]. In this
study, we employed cephalexin as an ideal substrate.
      The previous studies have shown that the insulin stimulates
dipeptide transport by increasing membrane insertion of PepT1
from a preformed cytoplasmic Pool[14], and choleratoxin
decreases dipeptide transport by inhibiting the activity of PepT1
through an increase in the intracellular concentration of
adenosine 3’, 5;-cyclic monophosphate[21]. It remains unclear,
however, whether another key hormone, human growth
hormone (hGH), also shows some significant importance.
Strong evidence has demonstrated that growth hormone (GH)
is an important growth factor for intestine[28]. Complete GH
depletion due to hypophysectomy caused pronounced hypoplasia
of small intestinal mucosa with decreased villus height and
reduced crypt cell proliferation[29]. Simple replacement of GH
can restore mucosal proliferative activity[30]. rhGH  promotes
normal growth and development in the body by changing
chemical activity in cells. It activates protein production in
muscle cells and the release of energy from fats. rhGH
significantly improves the anabolism in parenterally fed[31]. It
is typically used to stimulate growth in children with hormone
deficiency, or to treat people with severe illness, burns or sepsis
where destruction of human tissue and muscle occurs[32-34].
Many of the effects of human growth hormone are brought
about by the insulin-like growth factor 1 (IGF-1), which the
growth hormone stimulates. IGF-1 plays an important part in
growth-promoting effects of rhGH[32]. The present studies
showed that the uptake and transport of cephalexin in Caco-2
cells were greatly increased by using of rhGH. In addition, a
specific injured cell model, anoxia/reoxygenation Caco-2 cells
model, was established in our present experiment. The uptake
of cephalexin in the injured Caco-2 cells was markedly
decreased while the cephalexin uptake was significantly
increased in the injured Caco-2 cells with treatment of rhGH.
These results indicate that the functions of PepT1 in Caco-2
cells were upregulated by rhGH. The investigation of
concentration-dependent transport of cephalexin in Caco-2
cells showed that the transport was increased both in rhGH-
treated Caco-2 cells and controls. However, the upregulating
extent of rhGH on the transport of cephalexin was greater than
controls following the increase of the concentration of
cephalexin. Northern blot analysis showed that the level of
PepT1 mRNA of injured Caco-2 cells with rhGH treatment
were increased. This result also provides novel information
about the mechanism of regulation action of rhGH. It has
suggested that the alteration in the gene expression may be a
mechanism of regulation of PepT1.
      Use of this experimental design leads to the following three
questions. What is the detail mechanism of upregulating the
functions of  PepT1 by rhGH? How does the rhGH receptor
distribute in Caco-2 cells? How does  the rhGH receptor change
in anoxia/reoxygenation Caco-2 cells? Clearly, the present
study needs to be followed by further studies on physiology
and biology of hormonal regulation of PepT1.
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Abstract
AIM: To assess the feasibility and safety of radiofrequency
ablation (RFA) in treatment of secondary splenomagely and
hypersplenism.

METHODS: Sixteen healthy mongrel dogs were randomly
divided into two groups, group I (n=4) and group II (n=12).
Congestive splenomegaly was induced by ligation of splenic
vein and its collateral branches in both groups. At the end
of 3rd week postoperation, RFA in spleen was performed in
group II via laparotomy, complications of RFA were observed,
CT scan was performed and the spleens were obtained.
The radiofrequency (RF) thermal lesions and histopathology
of spleen were examined regularly.

RESULTS: No complication or death was observed in both
groups; CT revealed that the splenomegaly lasted over 2
months after ligation of splenic vein; the segmental RF lesions
included hyperintense zone of coagulative necrosis and more
extensive peripheral hypointense infarcted zone, the latter
was called “bystander effect”. The infarcted zone would be
absorbed and subsequently disappeared in 4-6 weeks after
RFA accompanied with shrinkage of the remnant spleen.
The fundamental histopathological changes of splenic lesions
caused by RF thermal energy included local coagulative
necrosis, peripheral thrombotic infarction zone, subsequent
tissue absorption and fibrosis in the zone of thrombotic
infarction, the occlusion of vessels in remnant viable spleen,
deposition of extensive fibrous protein, and disappearance
of congestive splenic sinusoid - “splenic carnification”. Those
pathologic changes were underline of shrinkage of spleen.

CONCLUSION: It is feasible and safe to perform RFA in
spleen to treat experimental sp lenomegaly and
hypersplenism. The RFA could be safely performed clinically
via laparotomy or laparoscopic procedure while spleen was
strictly separated from surrounding organs.

Liu QD, Ma KS, He ZP, Ding J, Huang XQ, Dong JH. Experimental
study on the feasibility and safety of radiofrequency ablation
for secondary splenomagely and hypersplenism. World J
Gastroenterol  2003; 9(4): 813-817
http://www.wjgnet.com/1007-9327/9/813.htm

INTRODUCTION
Radiofrequency ablation (RFA) was developed in 1990s and
thereafter evolved rapidly as a minimally invasive technique
for the treatment of primary and secondary malignant tumors in
solid organs[1-25]. The fundamental principle is that alternating
electric current operated in the range of radiofrequency (460-500
kHz) can produce a focal thermal injury in living tissue, the tip of
the electrode conducts the current, causing local ionic agitation
and subsequent frictional heat (90-110 ). Temperatures over
60  produce uniform tissue coagulative necrosis, a 2-5 cm
spherical thermal injury can be produced with each ablation. The
potential benefits of these techniques over conventional surgical
options include tumor ablation in nonsurgical candidates with low
morbidity, and being used on an outpatient basis[1-15].
      One of the most manifestations of liver cirrhosis with portal
hypertension was hypersplenism secondary to splenic
congestion with intrasplenic sequestration and destruction of
erythrocytes, leucocytes and platelets resulting in anemia,
leucopenia and thrombocytopenia[26]. Splenectomy is a routine
therapy for hypersplenism and can correct the abnormal
hematologic parameters[26,27]. However, with the awareness of
the role and importance of the spleen in the immune system,
splenic conservative methods have gained prominence in the
treatment of benign conditions of the spleen[27-29]. Several
minimally invasive treatment modalities such as transcatheter
selective splenic arterial embolization[30], absolute alcohol or
ethanolamine oleate intrasplenic injection[31,32] have been
investigated clinically, but the clinical applications were
restricted due to associated complications.
      In order to establish an effective therapy for hypersplenism
with splenomegaly, animal model with splenomegaly was
induced by ligation of splenic vein (LSV), the computerized
tomographic (CT) and pathologic changes of the thermal lesions
in spleen after RFA were observed, and the feasibility and safety
of RFA for secondary splenomagely and hypersplenism and its
potential clinical prospective were investigated.

MATERIALS AND METHODS

Animals and experimental design
Sixteen healthy adult mongrel dogs (12 to 17 kg) were
randomly divided into two groups. LSV plus Laparotomy were
performed in Group I  (n=4), and LSV plus RFA were done in
Group II  (n=12).
     After fasting overnight, the animals were anesthetized
generally with sodium pentobarbital (25 mg/kg) and maintained
with supplemental doses of sodium pentobarbital. The great
saphenous vein was cannulated for transfusion with 500 ml of
acetate Ringer’s solution. Midline incision was used to access the
spleen, splenic veins in both groups were ligated at the confluent
to portal vein, and then the main branches of splenic vein were
further ligated separately at the splenic hilus in order to minimize
collateral formation. The animals were cared in cages at 24±2 
and fed with standard diet and water ad libitum after operation.
At the end of the third week, under general anesthesia again, the
animals in group I were performed laparotomy only; and both
laparotomy and RFA of spleen were done in group II.
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Ablation procedures
RFA was performed with the RF 2000 generator system (Radio
Therapeutics Corp., CA, USA), which consists of a generator
generating [pup to 90 W in power, a leVeen monopolor array
needle electrode (3.5 cm maximum array diameter), and tow
electrode pads (grounding pads) placed on the animal’s shaved
thighs. The leVeen needle electrode is a 15-gauge, 15-20 cm in
length insulated cannula containing 10 individual hook-shaped
retractable electrode arms that deployed in situ after placement
of the needle electrode in splenic parenchyma. The probe was
inserted perpendicularly into the splenic parenchyma in lateral
region of superior or inferior pole of spleen, and the spleen was
elevated to avoid to contact with adjacent organs and skin. A 90
W monopolar radiofrequency generator (RF 2000,
Radiotherapeutics) was used as the energy source. Power output
was initially set at 30 W and manually titrated 10 W per 60 sec
until the maximum power. Thereafter, impedance could rise with
automatic power adjustment until power output was terminated.
The electrode 0.5 cm retrograded in situ and above session
repeated. The needle track was cauterized on needle removal.
     During RFA procedure, the temperatures on the sites of
thermal lesions, hilum of spleen and the tail of pancreas were
measured frequently by thermosensors, and cold saline was
used to lower the temperature on the hilum of spleen, and tail
of pancreas. Five-hundred ml of acetate Ringer’s solution and
0.8M IU of penicillin were given intravenously.

Observation of animals
The complications during RFA, such as hemorrhage, thermal
injury of other organs, the appetites, eating and activities of
animals, morbidity and mortality after RFA were carefully
documented.

CT imaging and histopathology on splenic lesions
Splenic sizes in group I after LSV were documented with CT
scans (Siemens Medical System, Germany) at 3, 6, 9 weeks
after laparotomy. CT imaging (plain scan plus enhancement)
performed for the dogs in group II after RFA on day 1, and at
1, 2, 4, 6 and 9 weeks after RFA to study the thermal injured
lesions in spleens. Two dogs in group II were killed
immediately after CT scan, and all dogs were sacrificed at the
end of the 9th week. Before sacrificing the dogs, spleens were
removed, specimen of liver and pancreas were harvested and
fixed in 10 % formaldehyde, and routine histopathological
studies were processed and examined under light microscopy.

RESULTS

Animals
The RFA procedure took 30 to 58 minutes, the temperatures
on 0.5 cm in depth of thermal lesion in spleens were over 100

 as reaching to the maximum impedance. The temperatures
on the hilum of spleen were 45-50 , the temperatures was
kept below 42  with iced cold saline. There was a temperature
gradient rising from lateral to center of splenic hilum due to
blood inflow. Thus, choosing puncture site on lateral region
of superior or inferior pole of spleen could enlarge the size of
thermal lesions, and approximately 40-50 % of spleen could
be damaged on each episode of RFA. Minor or mild bleeding
from the puncture site of spleen immediately after inserting
the electrode may occur and would be stopped automatically
in 5 minutes due to thermal coagulation if the electrode was
kept still. The animals could well tolerate the RFA, distressing
in 5 dogs due to high tension of spleen capsule caused by
thermal injury was resolved after administration of tranquilizer.
The dogs fasted on the day of RFA were lethargic or anorexic.
All dogs were fed normally after RFA. Restlessness, vomiting

and anorexia, significant body weights change and
complications of surgery such as gastrointestinal perforation,
peritonitis, intra-abdominal hemorrhage, rupture of spleen or
hydrothorax and death were not observed at all.

CT imaging of spleens
Splenomegaly in group I could persisted over 2 months. The
enhanced CT revealed that each RF thermal lesion could
destroy one lobe or multiple splenic segments, and the splenic
capsule was intact except small part of hilum. The ablated lesion
included two zones: (a) hyperintense zone of coagulative
necrosis; (b) more extensive peripheral hypointense infarcted
zone - the latter was called “bystander effect”. No perisplenic
or splenic abcess was formed (Figure 1). The infarcted zone
would be absorbed in 4 to 6 weeks after RFA, and subsequently
disappeared in two months, and the size of remnant spleen
shrunk significantly (Figure 2, 3).

Figure 1  Enhanced CT demonstrated multiple segmental ab-
lated lesion at the end of 2nd week after RFA, the splenic cap-
sule was continuous, the thermal lesion included 2 zones,
namely hyperintense zone of coagulative necrosis and periph-
eral hypointense infarcted zone; no perisplenic or splenic abcess
was seen.
Figure 2  The lesion of infarcted zone was mostly absorbed at
the end of 6th week after RFA.
Figure 3  The lesion of infarcted zone was absorbed absolutely
at the end of 9th week after RFA, however, the lesion of coagu-
lative necrosis hardly altered, the remnant spleen shrinked sig-
nificantly (arrow).
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Figure 4  The appearance of the spleen the day after RFA, showed
the lesion included the zone of soid-yellow dry necrosis (white
arrow) and dark-red zone of thrombotic infarction (curve arrow),
and the bright red normal spleen (black arrow); each ablation
created a lesion with maximum diameter of 9 cm.

Figure 5  The lesion of infarcted zone was absorbed absolutely
at the end of 9th week after RFA, however, the lesion of coagu-
lative necrosis hardly altered (arrow).

Figure 6  Light microscopic appearance of the coagulative ne-
crosis at the end of 2nd week after RFA, the intrasplenic hemor-
rhage at the probe insertion site could see (arrow), the splenic
capsule thickened (HE. ×40).

Figure 7  Microscopic examination at the junction of the ne-
crotic region and infarcted region at the end of 2nd week after

RFA, massive fibroblasts and inflammatory cells aggregated,
the microthrombus dissolved (HE. ×200).

Figure 8  Microscopic examination of the thrombotic infarc-
tion at the end of 4th week after RFA, the microthrombus
dissolved, and extensive macrophages with hemosiderin depo-
sition presented (HE. ×100).

Figure 9  Microscopic appearance of “plenic carnification”of
the normal viable splenic tissue distant form ablative lesion at
the end of 9th week after RFA, the tissue structure consolidated,
larger vessels occluded, extensive fibrous protein deposited, and
the congestive splenic sinusoid disappeared; however, the struc-
ture of splenic lymphoid nodule was intact (arrow) (HE. ×40).

Figure 10  The typical appearance of poorly vascularized
splenic tissue due to “plenic carnification” after RFA. The
splenic sinusoid disappeared, tissue structure consolidated,
granular hemosiderin deposition and sparsely neovascularized
vessels (arrow) presented clearly  (HE. ×200).

Histopathology
Splenomegaly in gross appearance was existed in 2 months
after ligation of splenic veins. The areas of ablated lesions
had dot swollen dark red appearance, the spleens shrunk
significantly and approached to the normal size at the end of
ninth week after RFA. The macroscopic and microscopic of
liver and pancreas were normal. The omentum was adherent
to the ablated surface of the spleen in most cases. The
appearances of cut surface of the ablated lesions matched
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with the CT imaging, including the zone of soil-yellow dry
necrosis and zone of thrombotic infarction (Figure 4), and
the lesions became dry necrosis after the thrombotic infarction
was absorbed (Figure 5). No obvious intrasplenic hemorrhage
except the puncture tract was seen with microscopic
examination (Figure 6). The RF energy caused focal tissue
coagulative necrosis, massive vessels in the spleen were
damaged thermally and occluded, consequently broad
microthrombus leaded to the peripheral thrombotic infarction,
which is called as bystander effect corresponding to the CT
finding. Thrombotic infarction zone had absorbed by
macrophages gradually in 4-6 weeks, where fibroblasts
proliferation and local fibrosis were demonstrated. Even
though some part of spleen appeared normal and viable, there
had obvious thickened intima, occluded vessels, extensive
fibrous protein deposition, and the absence of congestive
splenic sinusoid, which we called as splenic carnification,
the most important pathological basis of the shrunken spleen
(Figure 7-10).

DISCUSSION
Hypersplenism is one of the common manifestations, 70-80 %
patients with cirrhotic hypertension present with various
degrees of splenomegaly and hypersplenism. The immune
function in patients with hypersplenism would be reduced due
to leucopenia, thrombocytopenia and erythropenia.
Splenectomy is the traditional treatment for hypersplenism.
However, patients with cirrhotic splenomegaly and
hypersplenism often have many complications, which are the
contraindication of splenectomy. Furthermore, endoscopic
ligation or sclerosing of varices for esophageal varices bleeding
due to cirrhotic portal hypertension was advocated as first line
treatment in western countries,  splenectomy plus
devascularization are commonly abandoned[33-38]. With the
awareness of the role and importance of the spleen in the
immune system, it is recommended to reserve the splenic tissue
and function as much as in the treatment of benign conditions
of the spleen. Thereby, new safe, effective and minimal
invasive modalities should be established.
    Radiofrequency ablation (RFA) technique is a safe and
effective minimally invasive modality and has been clinically
used in treatment of many malignant tumors and some benign
tumors in solid organs[1-25]. Until now, only two cases in
treatment of colorectal and renal splenic metastasis using RFA
were reported[39, 40], no data of experimental or clinical study
regarding the safety and efficacy of RFA for hypersplenism is
available. The safety and effectiveness may be the cardinal
considerations that impede the attempts. The limited necrotic
volume identical to the lesion in liver for hepatocellular
carcinoma with 3-5 cm maximal diameter could scarcely
reduce the size of splenomegaly, consequently could be futile
to ameliorate cytopenia for hypersplenism. However,
theoretically, RFA could be used for hypersplenism due to
portal hypertension: (a) spleen is a solid organ, thermal energy
can cause focal tissue coagulative necrosis, and the RF heat
energy has the role of electric coagulation[39,40]; (b) certain time
of RF thermal energy can lead to endothelial cells degeneration
of vessels and sinus, thrombosis, and occlusion of vessels and
splenic sinusoid, therefore produces effect of ablating larger
lesion[17]; (c) puncture of spleen with needle is relative safe,
the morbidity rate of biopsy reported using 18-22 gauge needles
for splenic lesions including splenomegaly is 0-5.2 %, without
mortality[41-43]; (d) the inflammatory reaction and neo-
vascularization at the site of RFA lesion could create extensive
collateral circulation between portal-cava vein systems, and
reduce blood inflow to portal vein due to smaller spleen,
sequentially depress the portal hypertension[28]. Clinically, we

performed RFA for splenomegaly intraoperatively before
splenectomy, only minor or mild bleeding occurred but stopped
within few minutes (data not shown), and we found this
procedure was practicable.
     For these reasons, we carried out the study on RFA for
splenomegaly and hypersplenism in canine models (the blood
counts of peripheral samples in splenomegaly models also
showed thrombocytopenia, erythropenia without leucopenia,
which is similar to the result of Sahin et al[44], and the
hematologic abnormalities could be corrected by RFA; data
not shown), results of preliminary study confirmed part of
above presumptions.
     First, RFA procedure for spleen is relative safe. Although
bleeding occurred immediately following inserting of
electrodes into the spleen, it ceased soon due to thermal
coagulation. In order to avoid the potential risks, several
important steps should be followed, the puncture site must be
kept away from large vessels at hilum of spleen, the electrode
should be fixed to reduce bleeding; the spleen should be
elevated to avoid to contact with adjacent organs and skin;
cool saline should be used on the surface of the hilum of spleen,
tail of pancreas to reduce energy deposition and avoid thermal
damage of pancreas. In our preliminary experiment, dog’s
thighs were burned due to insufficient shave of thigh and thus
incomplete attachment of electrode pads; and another dog died
from severe burning of internal organs, because spleen was
not isolated from skin and intra-abdominal viscera. However,
no morbidity and mortality occurred after procedures above
in experiment were followed strictly. In addition, puncture of
needle at lower pole of spleen is preferable to reduce the
pulmonary complications and referred pain. If this procedure
were used clinically, exposure and protection of spleen would
be helpful in avoiding complications.
     Second, the area of RF thermal ablated lesion is so large
that compasses one lobe or multiple segments of spleen. The
area of coagulative necrosis zone in spleen is similar to that of
RF lesion in liver[12,25], but the RFA in spleen also has “bystander
effect” - the RF energy causes multiple segmental thrombotic
infarction, enables for the management of hypersplenism
effectively. The RF energy triggers occlusion of broad
intrasplenic microthrombi and vessels, and absorption of area
with thrombotic infarction. Even in the remaining normal splenic
tissue, obvious occluded vessels, extensive fibrous protein
deposition with no congestion of splenic sinusoid are still existed.
The changes of “splenic carnification” are responsible for the
shrinking of the remnant spleen, which could explain precisely
why splenic RFA ameliorated the cytopenia.
      In summary, it is feasible and safe to perform RFA in spleen
to treat secondary splenomegaly and hypersplenism in a canine
model, and yet its clinical application is worthy of further study.
The peculiar radiological and pathological splenic changes after
RFA could be used as clinical indicators for therapeutic effect
and the follow-up in the therapy of hypersplenism. With the
development of technique, such as RFA with the minimally
invasive procedures, it would provide promising effect on
selected patients with hypersplenism[17].
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Abstract
AIM: To identify new diagnostic markers and drug targets,
the gene expression profiles of pancreatic cancer were
compared with that of adjacent normal tissues utilizing cDNA
microarray analysis.

METHODS: cDNA probes were prepared by labeling mRNA
from samples of six pancreatic carcinoma tissues with Cy5-
dUTP and mRNA from adjacent normal tissues with Cy3-
dUTP respectively through reverse transcription. The mixed
probes of each sample were then hybridized with 12 800
cDNA arrays (12 648 unique human cDNA sequences), and
the fluorescent signals were scanned by ScanArray 3 000
scanner (General Scanning, Inc.). The values of Cy5-dUTP
and Cy3-dUTP on each spot were analyzed and calculated
by ImaGene 3.0 software (BioDiscovery, Inc.). Differentially
expressed genes were screened according to the criterion
that the absolute value of natural logarithm of the ratio of
Cy5-dUTP to Cy3-dUTP was greater-than 0.69.

RESULTS: Among 6 samples investigated, 301 genes, which
accounted for 2.38 % of genes on the microarry slides,
exhibited differentially expression at least in 5. There were
166 over-expressed genes including 136 having been
registered in Genebank, and 135 under-expressed genes
including 79 in Genebank in cancerous tissues.

CONCLUSION: Microarray analysis may provide invaluable
information on disease pathology, progression, resistance
to treatment, and response to cellular microenvironments
of pancreatic carcinoma and ultimately may lead to improving
early diagnosis and discovering innovative therapeutic
approaches for cancer.
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profile of pancreatic carcinoma using cDNA microarray. World J
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INTRODUCTION
The morbidity of pancreatic carcinoma has taken an upward
trend all over the world. In occidental countries, the morbidity
of pancreatic carcinoma has increased by 3 to 7 times in nearly
thirty years, and pancreatic carcinoma has become one of the
ten commonest malignant tumors. In China, the morbidity was
1.16/100 000 in Shanghai in 1963, and reached on 3.80/100 000

in 1974. Then, it took the 14th place of the morbidity of the
malignant tumors, and jumped to fifth in 1984. The statistical
results showed that it was 5.1/100 000, which was four times
higher than that of twenty years before. In some medical
centers, curative resections were given to minority of patients
in early stage who were highly selected, and their five-year
survival of these patients might even rise to 15 to 25 percent.
But generally speaking, treatment of pancreatic cancer is still
a serious challenge to us. The key problem to improve the
current situation of treatment is to seek novel diagnostic
markers, effective adjunctive therapy and mechanism of
genesis and evolution of pancreatic cancer. Hence, more and
more attention has been paid to the research on molecular
pathology and related genes of pancreatic cancer.
    Over the past decade, many studies involving pancreatic
cancer have searched for cancer-causing gene. As a result, several
cancer-related genes have been identified. DPC4, p53, and p16
are the three most frequently inactivated tumor suppressor genes.
Other tumor suppressor genes that are altered in pancreatic cancer
include BRCA2, ALK-5, MKK4, and STK11. Mutations of K-
ras oncogene are commonly seen in pancreatic cancer, with it’s
incidence as high as 90 %. Some other cancer-related genes,
such as Her-2/neu, COX-2, VEGF have also been reported to
be overexpressed in pancreatic cancer. Development and
progression of pancreatic cancer is a very complicated process,
so it is reasonable to predict that many other genes, as yet
undiscovered, might be potential tumor markers or drug targets.
     Microarray is the technique that a large number of cDNAs
are arranged orderly on the carrier, such as glass chip or else
in high density. Data are obtained by examining the signals of
fluorescence, analyzed and compared by computer software.
A large number of genes can be examined simutaneously,
accurately, and effectively in one experiment. In this study,
we have used a high-density cDNA microarray technique to
assess the gene expression profile of pancreatic carcinoma
versus adjacent normal tissue. Several genes, we identified,
may be involved in pancreatic tumorigenesis as well as it’s
potential clinical biomarkers that may be used to improve early
diagnosis, and to constitute potential novel therapeutic targets.

MATERIALS AND METHODS
Materials
cDNA microarray slides used in this study were fabricated in
United Gene Technique, Ltd. Briefly, each slide has 12 800
spots, containing 112 genes as negative control, such as ripe
U2 RNA gene (8 spots), HCV coat protein gene (8 spots),
spotting solution (96 spots); and 40 housekeeping genes as
positive control. Each slide has 12 648 unique human cDNA
sequences. Six samples of pancreatic carcinoma were obtained
from patients undergoing pancreaticoduodenectomy in
department of general surgery, Changhai Hospital, the Second
Military Medical University. All cases were proved
pathologically as carcinoma of pancreatic head. Normal tissues
as control were taken from tissue adjacent to the cutting margin
of the carcinoma and proved pathologically to be free from
tumor invasion. Samples were snap-frozen in liquid nitrogen
within 15 to 20 minutes after resection and then stored at -80 .



Cy3-dUTP and Cy5-dUTP were purchased from Amersham
Phamacia Biotech, Inc. and Oligotex mRNA Midi Kit from
Quagen, Inc. ScanArray 3 000 scanner was manufactured by
General Scanning, Inc. ImaGene3.0 software came from
BioDiscovery, Inc.

Methods
Probe preparation  Total RNA isolated from pancreas tissues
and normal adjacent tissues by using modified single step
extraction. Briefly, frozen tissues were crushed down and
homogenized in solution D and 1 % mercaptoethanol. The
supernatant was then extracted by phenol: chloroform (1:1)
two times, and phenol: chloroform (5:1) and NaAc (PH=4.5)
once. Afterward, the supernatant was precipitated in equal
volume of isopropanol at -20  for 1.5 hours and was
precipitated in LiCl for purification. Both kinds of mRNAs
were purified using Oligotex mRNA Midi Kit. The fluorescent
cDNA probes were prepared by reverse transcription and then
purified, according to the protocol of Schena (Schena et al.,
1995). The mRNA from normal tissue was labeled with
Cy3­dUTP, and that from cancerous tissue with Cy5­dUTP.
Then the two probes were mixed with equivalence, precipitated
by ethanol, and resolved in 20 µl hybridization buffer (5×SSC
+ 0.4 % SDS, 50 % Formamide, 5×denhardt’s solution).
Hybridization  Microarray slides were pre-hybridized in
hybridization buffer, which contained 0.5 mg/ml denatured
clupeine DNA, at 42  for 6 hours. After denatured at 95 
for 5 minutes, the probes mixture were added on the pre-
hybridized slides and sealed with cover glass. After hybridizing

in HybChamber at 60  for 15 to 17 hours, the slides were
subsequently washed in solutions of 2×SSC + 0.2 % SDS,
0.1×SSC+0.2 % SDS and 0.1×SSC respectively for 10 minutes,
then dried at room temperature.
Scanning and analysis  The slides were scanned by ScanArray
3 000 laser scanner at two wavelengths to obtain fluorescence
intensities for both dyes (Cy3 and Cy5). The original value of
each spot was normalized by the values of 40 housekeeping
genes selected on the slides. The fluorescence intensities of
Cy3 and Cy5 were analyzed and the ratios of Cy5 to Cy3 were
calculated by ImaGene 3.0 software. The intensities of two
fluorescent signals represented the quantities of two tagged
probes. The ration of Cy5 to Cy3 of certain spot on the slides
demonstrated that mRNA abundance of this gene expressed
in cancerous tissues versus normal.

RESULTS

Verification of micrearray technique system
There were 12 800 spots on each slide, including 6 170 known
genes and 6 478 unknown ones. In order to monitor entire
process of microarray technique system, negative and positive
control genes were set on the slides. They were ripe U2 RNA
gene (8 spots), HCV coat protein gene (8 spots), spotting
solution (96 spots), which served as negative control; and 40
housekeeping genes as positive control. In present study, the
individual result of six hybridization showed that all of positive
control signals are distinct, and all of negative control signals
were very low. These prove the reliability of the data.

Table 1  Over-expressed genes in pancreatic carcinoma

Accession number Gene name Gene function Ratio value

U06863 Alpha 1 (III) collagen Extracellular metrix 33.89
X91148 Microsomal triglyceride transfer protein Microsomal triglyceride transfer 21.89
AF017986 Secreted apoptosis related protein 1 (SARP1) Repress apoptosis 20.32
Y00755 Extracellular matrix protein BM-40 Extracellular metrix 20.23
Z74616 Alpha2 (I) collagen Extracellular metrix 12.52
D32039 Proteoglycan PG-M(V3) Extracellular metrix 11.90
J03607 40-kDa keratin intermediate filament precursor Extracellular metrix 11.62
AF144103 Novel chemokine family member with altered Cytokine   9.93

expression in human head and neck squamous cell carcinoma
AF141201 Ubiquitin fusion-degradation 1 protein (UFD1) Protease   8.29
X02761 Fibronectin (FN) Extracellular metrix   8.01
U06863 Follistatin-related protein precursor Nucleoprotein   6.92
M14219 Chondroitin/dermatan sulfate proteoglycan (PG40) core protein Extracellular metrix   6.65
M17783 Glia-derived nexin (GDN) Protease inhibitor   6.49
U59877 Low-Mr GTP-binding protein (RAB31) Signal transduction   5.97
AF000989 Thymosin beta 4 Y isoform (TB4Y) Thymosin isoform   5.71
L20688 GDP-dissociation inhibitor protein (Ly-GDI) Signal transduction   5.62
X57351 1-8D gene from interferon-inducible gene Signal transduction   5.51
U18728 Lumican Extracellular metrix   5.15
L02326 Lambda-like gene Immunity correlation   4.77
M14144 Vimentin Extracellular metrix   4.64
J05633 Integrin beta-5 subunit Cell adhesion molecule   4.42
AF070523 JWA protein -   4.32
M27749 Immunoglobulin-related 14.1 protein Immunity correlation   4.28
S83308 Sry-related HMG box gene (SOX5) Transcription factor   4.16
U05875 Interferon gamma receptor accessory factor-1 (AF-1) Immunity correlation   3.92
M17733 Thymosin beta-4 Thymosin isoform   3.89
M20259 Thymosin beta-10 Thymosin isoform   3.75
M36501 Alpha-2-macroglobulin Protease inhibitor   3.72
AF026977 Microsomal glutathione S-transferase 3 (MGST3) Oxidation-reduction   3.62
M14630 Prothymosin-α Nucleoprotein   3.45
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Judgement of differentially expressed genes
Hybridization of each couple of probes repeated two times.
The standard of determination for differentially expressed
genes was that, the absolute value of natural logarithm of the
ratio of Cy5 to Cy3 was greater than 0.69, that was to say
change of gene expression was above 2 times, and the signal
value of either Cy3 or Cy5 needed to be greater than 600.

Genes expressed differentially
Among 6 samples investigated, 301 genes, which accounted
for 2.38 % of genes on the microarry slides, exhibited
differentially expression at least in 5. There were 166 over-
expressed genes including 136 having been registered in
Genebank, and 135 under-expressed genes including 79 in
Genebank. Some of these genes, which took superior places of
differentially expression, were listed in Table 1 and Table 2.

DISCUSSION
There are altogether 215 previously reported genes differently
expressed in cancer tissues in our research, including urokinase
plasminogen activator surface receptor (uPAR) [1],
glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
lumican[2], phospholipase A2[3], vascular cell adhesion molecule
1[4], which have been reported to play certain role in evolution
of pancreatic carcinoma. However, the relationship between
the majority of these genes and development of pancreatic
carcinoma has not been covered in any study up to the present.
These genes are involved in various cytobiological functions,
such as signal transduction, transcription and translation,

cytoskeleton, cell adhesion, extracellular matrix and matrix
degradation, cell cycle and apoptosis, chromosome instability,
tumor suppressor genes, enzyme, and “others”. Moreover,
some genes exhibit differently expression in pancreatic cancer
in our study, as well as in other cancers. They are fibronectin[5],
caltractin[6], glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)[7], lipocortin II, uPAR[8] in hepatic cancer; FN[9],
glutathione peroxidase[10], phospholipase A2[11], thymosin beta-
10[12], uPAR[13], uracil DNA glycosylase[14] in colorectal cancer;
N-cadherin[15], uPAR[16], alpha-2-macroglobulin[17], caltractin[6],
syntenin [18] in gastric cancer; phospholipase A2 [19] in
cholangiocarcinoma; fibronectin[20], glutathione peroxidase[21,22],
prothymosin alpha[23,24], thymosin beta-10[25], uPAR[26],
caltractin[6], GAPDH[27], proteoglycan PG-M(V3), syntenin[18],
lumican[28] in mammary cancer and glutathione peroxidase[29],
SPARC/osteonectin[29], thymosin beta-10[30], uPAR[31] in thyroid
carcinoma. These data indicated that we have obtained the same
results by using cDNA microarray as by other methods.
Meanwhile, these confirmed the feasibility, accuracy and
effectiveness of microarray as a method to investigate the
expression profiles of pancreatic cancer. On the other hand,
we might get the conclusion that genesis and progression of
various neoplasms have some common mechanisms. Further
study on these common mechanisms might lead us go into
depth the knowledge of molecular biology of cancer, and find
the key to the improvement of diagnosis and treatment of cancer.
     Pancreatic carcinoma is one of the most malignant tumors,
and is characterized by aggressive growth behavior and high
incidence rate of recurrence. During proliferation of a primary
tumor or the establishment of metastatic foci, there is

Table 2  Under-expressed genes in pancreatic carcinoma

Accession number Gene name Gene function Ratio value

U96628 Nuclear antigen H731-like protein Tumor suppressor 0.16
U72649 B-cell translocation gene 2 (BTG2) Tumor suppressor 0.18
Y15409 Putative glucose 6-phosphate translocase Gluconeogenesis 0.18
Z21507 Elongation factor-1-delta Translation factor 0.20
L13463 Helix-loop-helix basic phosphoprotein (G0S8) Cell cycle correlation 0.21
S68805 L-arginine:glycine amidinotransferase Amino transferase 0.22
AF041474 BAF53a (BAF53a) Chromatin reformation 0.22
X05130 Prolyl 4-hydoxylase beta subunit Hydroxylase 0.22
AF067855 Geminin Cell cycle correlation 0.25
D87810 Phosphomannomutase Glycometabolism 0.25
D28540 CDC10 homologue Cell cycle correlation 0.27
L37368 RNA-binding protein RNA metabolism 0.27
Y00711 Lactate dehydrogenase B (LDH-B) Dehydrogenase 0.27
M24103 Trans-golgi network glycoprotein 51 (TGN) - 0.29
M64930 Protein phosphatase 2A beta subunit Signal transduction 0.29
X81197 Archain Membranin 0.31
U75686 Polyadenylate binding protein Signal transduction 0.32
AF133659 ATP-binding cassette 7 iron transporter (ABC7) Iron transfer 0.32
M61832 S-adenosylhomocysteine hydrolase (AHCY) Hydrolase 0.33
Z23064 HnRNP G protein RNA-binding protein 0.34
X85960 TRK-T3 oncogene Oncogene 0.35
L18887 Calnexin Calcium binding protein 0.35
J02966 Mitochondrial ADP/ADT translocator ATP/ADP transport 0.35
X78678 Ketohexokinase Glycometabolism 0.35
M58460 75-kD autoantigen (PM-Sc1) Autoantigen 0.35
L12711 Transketolase (tk) Ribose metabolism 0.35
S75311 Glycosyl phosphatidylinositol (GPI)-linked glycoprotein CD24 Signal transduction 0.35
U46838 MCM105 protein Cell cycle correlation 0.36
Y11312 Phosphoinositide 3-kinase Signal transduction 0.36
U83908 PDCD4 (programmed cell death 4) Tumor suppressor 0.36
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continuous remodeling of the extracellular matrix including
various degrees of biosynthesis, reformation and degradation.
Among over-expressed genes, several genes, such as alpha1
(III) collagen, extracellular matrix protein BM-40, alpha2 (I)
collagen, proteoglycan PG-M (V3), fibronectin, chondroitin/
dermatan sulfate proteoglycan (PG40) core protein, lumican,
vimentin, chondroitin sulfate proteoglycan versican V0 splice-
variant, and versican V2 splice-variant core protein, component
analysis related to extracellular metrix (ECM), take the superior
places. Versican belongs to the family of large aggregating
proteoglycans (PGs). In mammals, versican appears as four
possible spliced variants, V0, V1, V2, and V3. It has been
described that the versican-rich extracellular matrices exert an
anti-adhesive effect on the cells, thus facilitating tumor cell
migration and invasion. Besides decreasing cell adhesion,
versican is also able to increase the cell proliferation. The study
on melanoma has shown that this PG could serve as a good
marker for primary malignant as well as metastatic lesion[32].
Lumincan is the member of the small leucine-rich proteoglycan
(SLRP) family, whose members are known as keratocan,
mimecan, decorin, biglycan, fibromodulin, epiphycan,
osteoadherin, and lumican. SLRP proteins can modulate
cellular behaviour, including cell migration and proliferation
during embryonic development, tissue repair, and tumor
growth. In breast cancer tissues, lumican mRNA is reported to
be overexpressed. Furthermore, its high expression level was
associated with high tumor grade, low estrogen receptor levels,
and young age of patients[28]. It is also found that lumican is
not synthesized by the exocrine components of the normal
pancreas, but that these cells ectopically synthesize and secrete
the lumican in cancer tissues, which may play a role in
pancreatic cancer cell growth[2]. Extracellular matrix protein
BM-40, an anti-adhesive protein, is proposed to modulate cell
migration and vascular morphogenesis either by directly
interacting with ECM proteins or by initiating a receptor-
mediated signaling event. It may directly affect cell motility
by inducing intracellular changes of cytoplasmic components;
or indirectly promote cell migration by modulating the
expression of proteolytic enzymes that degrade the ECM, such
as collagenase, stromelysin and MMP-9. It may promote
infiltration of tumor cells, serve as a cellular marker of invasion,
and correlate to angiogenesis[33]. Fibronectin connects with the
cancer cell via its receptors, including intergrins α5β1 and αvβ3.
The abilities in adhesion to fibronectin and migration increased
markedly, after hepatocellular carcinoma cells were transfected
with H-ras oncogene[34]. In addition, fibronectin is the primary
protein involved in the displacement of MMP-2 produced by
adjacent normal cells to cancer tissues[35]. MMP-2 can associate
with the cell surface through its COOH-terminal and
hemopexin-like domain via a number of mechanisms, including
binding to cell-associated collagen I and IV. In our present
study, we also find that collagen I and IV overexpress in
cancerous tissues. This may enhance the fibronectin-induced
displacement of MMP-2, and facilitates invasion of cancerous
cells. Vimentin is also a component of ECM. Enhanced
expression of the vimentin is associated with high degree of
motility, poor differentiation and metastasis of prostate
carcinoma [36].  It has been shown that vimentin was
immunohistochemically positive in basaloid squamous
carcinoma of esophagus[37]. Moreover, uPAR and cathepsin
O2 are also found to be over-expressed in our study. All of
these changes endow pancreatic cancer with the trait of
aggressive growth, and may be potential markers of invasion.
    On the other hand, recurrence to chemotherapy after
resection remains a major obstacle to the cure of pancreatic
cancer. It is well known that cancerous cells are surrounded
by an extensive stroma of ECM at both primary and metastatic
sites, which contains, among other proteins, fibronectin,

laminin and collgen IV. Adhesion of pancreatic cancer cells
to these proteins confers resistance to apoptosis induced by
standard chemotherapeutic agents. The study on small-cell lung
cancer showed that β1-integrin-mediated cell adhesion to ECM
proteins results in tyrosine phosphorylation, which, weaken
persistent chemotherapy-induced DNA damage, prevents
caspase activation and apoptosis[38]. Alpha-tubulin[39], lipocortin
II and uracil DNA glycosylase[14] were also found to be
contributed to resistance to chemotherapy. These genes over-
express in pancreatic cancer in our study, and may play the
same role. It is indicated that the regulation routes of these
genes may be potential targets for treatment of pancreatic
carcinoma.
    There are still some genes that should be mentioned.
Prothymosin alpha (PTA) is a nuclear protein that is present
throughout the cell cycle. It has been shown that it binds
histones in vitro and has been proposed to affect the chromatin
state. PTA is expressed in various human tumor tissues of
different origins, supporting the idea that PTA expression is
required for tumor growth. Recent study has shown that in
breast cancer, whose tumor with low or moderate PTA level
demonstrated a statistically significant decreased rate of tumor
recurrence and a statistically significant increased overall
survival in comparison with those whose tumor had high PTA
levels. It is proposed that PTA could be used as a predictor of
the potential malignancy of breast tumors that might help to
identify patients at high risk of fatality[23,24]. Fas-binding protein
and secreted apoptosis related protein-1 (SARP-1) are proposed
to repress apoptosis. SARP-1 may inhibit phosphorylation of
liberated β-catenin and degradation by ubiquitin-protease
system via Wnt signaling way. Subsequently, β-catenin
accumulates in cytoplasm, and cell apoptosis is suppressed.
SARP-1 thus promotes excessive proliferation and
transformation. Fas-binding protein can arrest Fas-induced
apoptosis. Thymosin beta-4 and Thymosin beta-10 are also
up-regulated. These genes may serve as markers for measuring
proliferation of pancreatic cancer cells.
      There are two tumor suppressors, B-cell translocation gene
2 (BTG2) and programmed cell death 4 (PCDC4), which are
down-regulated in cancer tissues. PDCD4 gene is homologous
to the mouse gene (MA-3/Pdcd4/A7-1), which is associated
with apoptosis and is shown to suppress tumor promoter-
induced neoplastic transformation. The ORF of human PDCD4
encodes a protein of 458 aa with a predicted molecular size of
50.6 kDa. It has been demonstrated that PDCD4 protein inhibits
neoplastic transformation and must be down-regulated for
progression to occur[40]. BTG2, which is induced by p53,
displays an antiproliferative activity in different cell types, such
as fibroblasts and PC12 cells. It is well known that the control
of the cell cycle plays an essential role in cell growth and in
the activation of important cellular processes, such as
differentiation and apoptosis. pRb and p53 are two molecules
identified as key regulators of the cell cycle. Some suggestions
came from a recent report, which showed that BTG2 interacted
with a protein-arginine N-methyltransferase (Prmt1) by
positively modulating its activity. Prmt1, in turn, has been
found to bind the interferon receptors and to be required for
interferon-mediated growth inhibition. A further investigation
on BTG2 demonstrated that this gene inhibited G1/S
progression in an Rb-dependent manner and that this effect
was correlated with its ability to inhibit cyclin D1 expression.
Furthermore, the impairment in the ability of BTG2 to lower
cyclin D1 levels, seen in consequence of mutations of the BTG2
molecule, correlated with the extent of impairment in growth
arrest[41].
      DNA replication is initiated at discrete sites on chromosomes
through the coordinate action of a number of replication
initiation factors. It is believed that a complex of proteins called
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the origin recognition complex (ORC) associates with specific
DNA sequences near origins of replication to recruit other
replication initiation factors during the G1 phase of the cell
cycle. The other replication initiation factors, Cdc6p, Cdt1p,
and the Mcm2-7p complex, associate with the origin sequence
in an ORC-dependent reaction to form a pre-replicative
complex (pre-RC). At the G1-S transition, the activation of
cyclin-dependent kinases leads to the recruitment of elongation
factors, CDC45, DNA polymerases, and RPA to the pre-RCs
at origins. The action of these replication elongation proteins
leads to the initiation of DNA synthesis, the hallmark of S phase.
Geminin interacts with Cdt1p and prevents the recruitment of
the Mcm2-7p complex to origins during S, G2, and early M
phases of the cell cycle and thereby inhibits replication initiation,
leading to the expectation that the protein acts as an inhibitor of
cell proliferation[42]. The research on these under-expressed genes
may render invaluable information to find novel targets for the
treatment of pancreatic cancer.
      In summary, though some genes have been missed in present
study, the genes we have identified may be important to the
tumorigenesis of pancreatic cancer, and potential to serve as
tumor markers or drug targets.
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Abstract
AIM: To investigate TNF-α-308 and TNFB polymorphisms
in acute biliary pancreatitis (ABP) and to related them to the
plasma TNF-α levels.

METHODS: Genomic DNA was prepared from peripheral
blood leukocytes. Genotypes and allele frequencies were
determined in patients (n=127) and healthy controls (n=102)
using restriction fragment length polymorphism analysis of
polymerase chain reaction (PCR) products. Reading the size
of digested bands from polyacrylamide gel demonstrated
the two alleles TNF1 and TNF2, or the two alleles TNFB1
and TNFB2.

RESULTS: The frequencies of TNF2 polymorphism and
TNFB2 polymorphism were both similar in patients with mild
or severe pancreatitis, so were in pancreatitis patients and
in controls. Patients with septic shock showed a significantly
higher prevalence of the TNF2 than those without. No
significant differences were found in the genotype distribution
of TNF-α-308 and TNFB among different groups. Plasma
TNF-α levels did not differ significantly in ASBP patients
displaying different alleles of the TNF gene studied.

CONCLUSION: Results indicate that TNF gene polymorphisms
studied play no part in determination of disease severity or
susceptibility to acute biliary pancreatitis; however, TNF2
polymorphism is associated with septic shock from ASBP.
Genetic factors are not important in determining plasma
TNF-α levels in ASBP.
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INTRODUCTION
In China and most other countries, gallstones are the most
common cause of acute pancreatitis. There are reports that

gallstones account for between one third and two thirds of
cases, with an average of 40 to 50 %[1]. Acute severe pancreatitis
(ASP) is a serious disease, with highly persistent morbidity
and mortality. Generally speaking, the natural course of severe
acute pancreatitis progresses in two phases. The first 14 days
are characterized by the systemic inflammatory response
syndrome resulting from the release of inflammatory mediators.
The second stage, beginning approximately 2 weeks after the
onset of the disease, is dominated by septic-related
complications resulting from infection of pancreatic necrosis
or bacteria translocation. Today, with improvements in the care
of the critically ill, many patients with ASP survive over early
systemic inflammatory response and enter a second phase of
illness dominated by sepsis and the consequences of organ
failure. More than two thirds of deaths in ASP are due to late
septic organ complications[2]. However, the susceptibility and
mechanism of septic shock related to ASP are still unclear.
     Tumor necrosis factor-α (TNF-α), the early cytokine to be
released, is a principal mediator of immune responses to
endotoxin. It can be produced in large amounts in several
organs during ASP and is also believed to mediate
pathophysiological changes[3,4]. Systemic release of TNF-α is
associated with septic shock and fatal outcome. TNF-α levels
are increased in patients with ASP and septic shock and appear
to correlate with clinical outcome.
     Because of its short half-life, the value of TNF-α as a marker
of susceptibility or severity for ASP is limited. The production
and response of TNF-α are partly regulated at the transcription
level, the role of polymorphisms of TNF promoter in
determination inflammatory disease susceptibility or as a
marker of severity has been the subject of intense research[5].
There are many single nuclear polymorphisms within the TNF-
α gene promoter. The TNF-α gene shows a polymorphism at
position -308 in the promoter region. This polymorphism results
in two allele forms, 1 in which a guanine defines the common
allele TNF1 and 1 in which an adenosine defines the uncommon
allele TNF2[6]. The TNF2 allele has been associated with a variety
of inflammatory disorders, including systemic lupus
erythematosus, dermatitis herpetiformis, and celiac disease[7].
Furthermore, TNF2 allele has been found to be a stronger
transcription activator than the TNF1 allele[8-12], resulting in
higher TNF-α levels. Moreover, TNF2 polymorphism has been
associated with morbidity and mortality of severe forms of
cerebral malaria [13], mucocutaneous leishmaniasis[14],
meningococcal disease[15] and septic shock[16].
     A polymorphism is also found at position +252 located in
the first intron of the TNFβ gene, with a G in the TNFB1 allele
and an A in the TNFB2 allele[17]. In contrast to TNF-α, which
is expressed mainly by macrophages, TNFβ is expressed and
released by lymphocytes. Genes encoding either cytokine are
positioned next to each other within the cluster of human
leukocyte antigen class III genes on chromosome 6. With
respect to high homology and location in the genome,
evolutionary studies suggest a common ancestor for both genes
that duplicated during evolution. The TNFB1 allele has been
associated with a higher TNFβ response at both the mRNA
and the protein levels[17]. Furthermore, some studies have found



that the TNFB2 allele results in a higher TNF-α secretory
capacity than the TNFB1 allele[8], and higher plasma TNF-α
levels[18], whereas others could not confirm this observation.
    The present study was focused on ABP. The aim was to
investigate TNF-α-308 and TNFB polymorphisms in ABP
patients, and to related the polymorphisms studied to plasma
TNF-α levels.

MATERIALS AND METHODS

Subjects
127 consecutive patients with a first attack of unequivocal acute
biliary pancreatitis (ABP) were prospectively considered from
January 2001 to August 2002. The diagnosis of acute
pancreatitis was based on clinical criteria, an increased -
amylase activity (enzymatic colorimetric test) in serum and
CT verification of pancreatitis. Etiology of acute pancreatitis
was gallstones, in the presence of appropriate radiological of
endoscopic retrograde cholangiopancreatography (ERCP)
findings. Pancreatitis is classified as severe when APACHE II
score is 8[19] and CT severity index 4[20]. Septic shock was
defined according to ACCP/SCCM consensus conference
criteria[21]. The control Group came from 102 healthy
volunteers. In order to be eligible for the enrollment, all of the
subjects from the two groups had to be yellow Chinese Han.
The exclusion criteria were defined as follows: (1) age > 75
years; (2) cardiac failure(class>III); (3) liver insufficiency
(Child C); (4) White blood cell counts <0.4×109/L; (5)
immunosuppression; (6) there was a delay of more than 36
hours from onset of abdominal pain and hospitalization; (7)
patients who had clinical, radiological, or ERCP evidence
suggestive of a diagnosis of chronic pancreatitis. The study
was approved by the local Ethics Committee and informed
consent had been obtained from the patient or a close relative.

Measurement of plasma TNF-α concentrations
Peripheral venous plasma samples were collected (EDTA
anticoagulation) from only ASBP patients at admission,
centrifuged and stored at -70  before analysis. Plasma TNF-
alpha concentrations were measured by enzyme immunoassay
kit (Quantikine HS Human TNF-alpha immunoassay. kit, R &
D Systems, Inc, Minneapolis, MN). The limit of sensitivity
was 2.5 pg/mL.

TNF-α-308 G to A substitution
Each patient’s DNA was extracted from whole blood using Wizard
Genomic DNA Purification kit (Promega) according to the
manufacture’s instruction. PCR was used to amplify a 107
basepairs fragment of the TNF-α genomic sequence using
primers. Upstream: 5’-AGGCAATAGGTTTTGAGGGCCAT 3’,
downstream: 5’-TCCTCCCTGCTCCGATTCCG 3’ (Nanjing
Bio Eng Co.Ltd.). The following PCR protocol was used: 94 
for 3 minutes; 35 cycles of 94  for 45 seconds, 60  for 45
seconds, 72  for 45 seconds; 72  for 5 minutes using reagents
purchased from Promega on a Gene CyclerTM (BIO-RAD,
Japan). The PCR product was digested directly with 2 U NcoI
restriction enzyme (Promega) at 37  for 6 hours. Digested
DNA was analyzed on 5 % polyacrylamide gels. Ethidium
bromide staining of the gel demonstrated the original 107
basepairs fragment (homozygous patients for allele TNF2,
lacking NcoI site), three fragments of 102, 87 and 20 basepairs
(heterozygous patients), or two fragments of 87 and 20 basepairs
of size (homozygous patients for the allele TNF1), (Figure 1).

TNF-β NcoI polymorphism
A 782 basepairs fragment of the TNF-β genomic sequence,
including the polymorphic NcoI site, was amplified using PCR.

The following nucleotide sequences were used for PCR
amplification[18]: 5’-CCGTGCTTCGTGCTTTGGACTA 3’
and 5’-AGAGGGGTGGATGCTTGGGTTC3’ (Nanjing Bio
Eng Co.). The following PCR protocol was used: 95  for 3
minutes; 37 cycles of 95  for 1 minute, 50  for 1 minute,
72  for1 minute; 72  for 5 minutes using reagents
purchased from Promega on a Gene CyclerTM (BIO-RAD,
Japan). The PCR product was digested directly with 2 U NcoI
restriction enzyme (Promega) at 37  for 6 hours. Digested
DNA was analyzed on 5 % polyacrylamide gels. Ethidium
bromide staining of the gel demonstrated the original 782
basepairs fragment (homozygous patients for allele TNFB2),
three fragments of 782, 586 and 196 basepairs (heterozygous
patients), or two fragments of 586 and 196 basepairs of size
(homozygous patients for the allele TNFB1), (Figure 2).

Figure 1  Lane1 and 4, TNF2 homozygote; Lane 2, TNF1/TNF2
heterozygote; Lane 3, TNF1 homozygote.

Figure 2  Lane 1 and 3, TNFB1/TNFB2 heterozygote; Lane 2,
TNFB1 homozygote; Lane 4, TNFB2 homozygote.

Statistical analysis
Comparison of allelic and genotype frequencies was examined
for statistical significance with chi-square test. Descriptive data
of continuous variables were tested by Student’s t-test. Plasma
TNF-α levels were reported as median ± SD. Analysis was
completed by SPSS 10.0, and a 2-tailed P<0.05 was considered
statistically significant.

RESULTS
Characteristics of the patients
According to the selected criteria, 61 patients (36 females,
males 25) with acute severe pancreatitis were studied. The mean
age (± SD) was 54.6±19 years. APACHE II, 11.5±1; CT, 6±1.
Of these, 18 had developed septic shock. The APACHE II
score and CT score at the time of admission was similar in
both septic shock and no septic shock patients. This study was
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undertaken in selected patients with acute mild biliary
pancreatitis (AMBP, n=66) as defined by APOCHE II score[19]

and CT severity index[20], and matched with ASBP for age,
sex, and cause of pancreatitis. Patients with AMBP had an
uneventful recovery. The control group included 102 healthy
volunteers, the mean age (± SD) was 44.5±10 years. The
distribution of gender was 59 females and 43 males.

Two polymorphisms of tumor necrosis factor gene
The frequency distribution of genotypes for TNF
polymorphisms studied is shown in Table 1. There was no
significant difference in the TNF-308 or TNFB genotype
frequency distributions between patients with mild or severe
disease. For the TNF-308 polymorphism, TNF2 was found in
18 (29.5 %) of patients with ASBP compared with 17 (25.8 %)
of patients with AMBP (χ2=0.223, P=0.636). Likewise TNFB2
occurred in 42 (68.9 %) of patients with ASBP compared with
44 (66.7 %) of patients with AMBP (χ2=0.147, P=0.702).
     Further there were no significant differences in the TNF-
308 or TNFB genotype frequency distributions between
patients with ABP and controls (Table 1). As to TNF2
frequency, it was found in 35 (27.6 %) of patients with ABP
compared with 26 (25.5 %) of controls (χ2=0.124, P=0.725).
Likewise TNFB2 occurred in 86 (67.7 %) of patients with ABP
compared with 63 (61.8 %) of controls (χ2=0.882, P=0.348
respectively).
    TNF2 was found in 9 (50 %) of ASBP patients who
developed septic shock compared with 9 (20.1 %) of ASBP
patients with no septic shock (χ2=5.155, P=0.023). However,
TNFB2 occurred in 13 (72.2 %) of ASBP patients with septic
shock compared with 29 (67.4 %) of ASBP patients with no
septic shock (χ2=0.135, P=0.713), (Table 2).

Table 1  Comparison of TNF Genotype among different groups

       TNF-308      TNFB

    G/G           G/A       A/A   1/1             1/2            2/2

ASBP 43 (70.5)     15 (24.6)     3 (4.9)     19 (31.1)     25 (41.0)     17 (27.9)

AMBP 49 (74.2)     14 (21.2)     3 (4.5)     22 (33.3)     26 (39.4)     18 (27.3)

         χ2=0.040, P=0.980         χ2=0.197, P=0.906

ABP 92 (72.4)     29 (22.8)     6 (4.7)     41 (32.3)     51 (40.1)     35 (27.6)

Control 76 (74.5)     21 (20.6)     5 (4.9)     39 (38.2)     35 (34.3)     28 (27.5)

              χ2=2.545, P=0.280         χ2=3.594, P=0.166

Note. Comparison by chi-square test. No significant differences
were found in the distribution of each genotype frequency [no.
(%)] between any of the two groups.

Table 2  Comparison of TNF2 frequency and TNFB2 frequency
between septic shock group and no septic shock group

        Septic shock (n=18)        No septic shock (n=43) P

TNF2   9 (44.4%)   9 (20.9%)            0.023

TNFB2 13 (72.2%) 29 (67.4%)            0.713

Patients with septic shock showed a significantly higher preva-
lence of the TNF2 than those without. No such association was
seen in TNFB2.

Baseline concentrations of TNF-α at inclusion in ASBP
Plasma TNF-α levels at inclusion were detectable in all of the
patients with ASBP and shown in Figure 3. At inclusion, among
the 61 patients who were admitted for ASBP, 31 (50.8 %) had
an increased concentration of TNF-α (normal value <20 pg/
mL). There was no significant difference in baseline

concentrations of TNF-α, between ASBP patients who
developed septic shock and ASBP patients who didn’t.

Figure 3  Baseline concentrations of TNF-α at inclusion in ASBP
complicated by septic shock or not. P=0.643. No significant
differences were found in baseline TNF-α levels between sep-
tic shock group and no septic shock group.

Association of two polymorphisms of TNF gene with TNF-α
levels
In ASBP patients, no association was found in baseline TNF-α
levels between TNF2 carrier and TNF1 carrier (30.73±23.05 vs
25.65±22.63, P=0.430), neither was found between TNFB2
carrier and TNFB1 carrier (25.53±23.71 vs 30.73±20.38,
P=0.412), (Figure 4 and Figure 5).

Figure 4  Comparison of TNF-α levels (pg/mL) in ASBP pa-
tients based on TNF2 allele.  No significant difference was
found in TNF-α levels between TNF2 carrier and TNF1 carrier.

Figure 5  Comparison of TNF-α levels (pg/mL) in ASBP patients
based on TNFB2 allele. No significant difference was found in
TNF-α levels between TNFB2 carrier and TNFB1 carrier.

DISCUSSION
In the study we have found no association between either TNF-
α-308 or TNFB biallelic polymorphism and ASBP or ABP, and
thus no evidence that these loci contribute to ASBP susceptibility
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or severity. This was in line with previous study[22, 23]. However,
the distribution of TNF-α-308 polymorphisms within the ASBP
patients varied, and TNF2 allele was found significantly more
frequently in the septic sock patients than in no septic shock
ones (P<0.05). The association between the septic shock
patients and TNF polymorphism was restricted to the TNF-α-
308 polymorphism (TNF2 allele), no such association being
seen with TNFB2. The finding of an apparent association
between the TNF-α-308 polymorphism and the septic shock
raises the possibility that genetic factors may play a role in
controlling the onset of septic shock related to ASBP.
     In our study an increased TNF-α value was documented in
50.8 % of ASBP patients at inclusion. This finding confirms
two previous clinical studies in which TNF-α was documented
in 29 % to 78 % of patients studied[24, 25]. However, there was
no significant difference in baseline TNF-α levels between
patients who developed septic shock and patients who didn’t.
The result suggested that plasma baseline TNF-α level was of
little value predicting whether septic shock would occur in ASP.
      In sepsis and other diseases TNF polymorphisms have been
associated with morbidity and mortality of severe forms[13-16,26].
The present study did not found an association in the
distribution of either TNF2 allele frequency or TNFB2 allele
frequency between ASBP patients and AMBP patients (χ2=0.223,
P=0.636 and χ2=0.147, P=0.702 respectively). The results
showed no correlation between the gene polymorphisms
studied and disease severity. Comparison of TNF2 allele
frequency or TNFB2 allele frequency in patients with ABP
and in healthy controls suggested that these polymorphisms
studied did not influence disease susceptibility (χ2=0.124,
P=0.725 and χ2=0.882, P=0.348 respectively). However,
significant difference was found in TNF2 allele frequencies
between septic shock patients and non-septic shock patients
(χ2=5.155, P=0.023). Indeed, only in severe forms of cerebral
malaria[13], mucocutaneous leishmaniasis[14], meningococcal
disease[15] and septic shock[16], were morbidity and mortality
linked with TNF2 allele or TNFB2 allele. In mild conditions,
no such relationship was found between sepsis and the TNF2
allele[27]. As to TNF-α-308 and TNFB genotype, there were
no significant difference in the distribution of either type
between ASBP patients and AMBP patients, neither was found
between ABP patients and controls. It suggested that TNF-α-
308 genotype and TNFB genotype were both not related to
the susceptibility or severity of ABP.
    Although polymorphisms may only be markers of other
functionally significant gene polymorphism, at least one of
the TNF gene polymorphisms studied is known to have
functional significance. It seems that environmental factors
trigger cytokine secretion, genetic factors may be important
in determining levels of secretion[28]. In vitro studies have
identified that individuals may demonstrate consistent
differences in leukocyte cytokine secretion[29] and that these
difference are probably genetically predetermined[28]. In our
study, plasma TNF-α concentrations of ASBP patients with
TNF2 allele or TNFB2 allele were not significantly higher than
that of patients without TNF2 allele or TNFB2 allele
respectively. It suggested that there was no significant
correlation between TNF-α concentration and TNF2 or TNFB2
allele carriage. However, many factors could influence plasma
TNF-α concentrations. Of these, an important one is its
relatively short half-life[30], so we were at great risk of missing
the intravascular secretion of this cytokine. Another reason for
low plasma TNF-α concentrations may be the breakdown of
TNF-α by enzyme released from pancreas into circulation[31, 32].
Furthermore, this detectable level does not take into account
the membrane-bound form of TNF-α. In addition, in complex
biologic systems, the effect of a single gene polymorphism in
determining cytokine production may be minimized through

the interaction of other factors[33]. Maybe circulating TNF-α
levels do not correspond with the TNF2 and TNFB2
polymorphisms, however, circulating TNF-α levels might be
under a multifactoral regulatory process. Local TNF-α levels
might be of greater importance and under more control by
specific polymorphisms.
    To the best of our knowledge, there have two different
studies on the association of two polymorphisms of tumor
necrosis factor gene with acute severe pancreatitis[23, 35], and
our results are in line with theirs. However, they both failed to
study the association of two polymorphisms with septic shock
due to ASBP. The finding of our study for the first time, to our
knowledge, raise the possibility that TNF2 allele may play some
role in the susceptibility of septic shock related to ASBP.
However, the role, if any, of genetic factors in influencing the
occurrence of septic shock awaits confirmation in further
prospective studies. If the association between TNF2 allele
and septic shock is confirmed, it would have implications not
only for understanding of mechanisms of septic shock from
ASBP, but also in the clinical management of patients, with
the possibility that TNF2 carriers at high risk of septic shock
may be identifiable early in the disease course, allowing early
and aggressive therapy to be instituted. In addition, the study
offers new opportunities for studying intervention with anti-
TNF therapies. Determining a patient’s TNF2 genotype before
starting the treatment may permit the selection of a TNF2 group
of high-risk patients who could benefit from treatment with
anti-TNF. Such a possibility deserves further study, since an
effective therapy for ASBP patients with septic shock would
have important clinical and economic consequences.
     In conclusion, our study demonstrated that there was no
association between acute biliary pancreatitis and the two
polymorphisms of tumor necrosis factor gene studued;
however, TNF2 allele were associated with the susceptibility
to septic shock related to acute sever biliary pancreatitis.
Genetic factors are not important in determining plasma TNF-
α levels in ASBP.
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Abstract
AIM: Bioartificial liver is a hope of supporting liver functions
in acute liver failure patients. Using polysulfon fibers, a new
bioartificial liver was developed. The aim of this study was
to show whether this bioartificial liver could support liver
functions or not.

METHODS: Hepatocytes were procured from swine using
Seglen’s methods. The bioartificial liver was constructed by
polysulfon bioreactor and more than 1010 hepatocytes. It
was applied 14 times in 12 patients, who were divided into
7 cases of simultaneous HBAL and 5 cases of non-
simultaneous HBAL. Each BAL treatment lasted 6 hours. The
general condition of the patients and the biochemical indexes
were studied.

RESULTS: After treatment with bioartificial liver, blood
ammonia, prothrombin time and total bilirubin showed
significant decrease. 2 days later, blood ammonia still showed
improvment. within one month period, 1 case (1/7) in
simultaneous group died while in non-simultaneous group
2 cases (2/5) died. The difference was significant. Mortality
rate was 25 %.

CONCLUSION: The constructed bioartificial liver can
support liver functions in acute liver failure. The simultaneous
HBAL is better than non-simultaneous HBAL.

Ding YT, Qiu YD, Chen Z, Xu QX, Zhang HY, Tang Q, Yu DC.
The development of a new bioartificial liver and its application
in 12 acute liver failure patients. World J Gastroenterol  2003; 9
(4): 829-832
http://www.wjgnet.com/1007-9327/9/829.htm

INTRODUCTION
Acute liver failure (ALF) is commonly seen in the mainland
of China. The patients are always characterized by infection
of hepatitis B. Liver cell damage is the main reason of ALF.

When the amount of normal cells decrease below its limit,
liver function will deteriorate and a vicious cycle will be
formed.
     Liver transplantation (LT) has already been a wise choice
for these patients[1-3]. The 1 year survival rate could be improved
to more than 70 % when LT is applied[4,5]. But the donor is
scarce, so it limits the wide practice of LT. Many patients
exacerbated and died during the period of waiting donor liver.
      Bioartificial liver (BAL) is designed to take the responsibility
of supporting liver functions temporarily in acute liver
failure[6-9]. It consists of a semi-permeable membrane and living
allogeneic or syngeneic liver cells. The flow of blood or
plasma from the patient can exchange the substances with
those cells through this membrane. The ammonia and other
toxins in blood then are detoxified, as well as some useful
factors are secreted into blood. Many scholars reported that
BAL was effective and could be used as a bridge to LT[8-10].
Also this technique gave the chance of spontaneous recovery
of the native function because of liver cell regeneration in
some cases[8,11].
     It is estimated that 1×109 hepatocytes are the lowest limit
that are needed in BAL[10]. Such large number of hepatocytes
are very difficult to be cultured in a small bioreactor. Enlarging
the volume of the bioreactor and adding a hepatocytes cell
pool are both good methods to solve such problems.
    Using a bioreactor made of polysulfon, we developed a
bioartificial liver recently and applied it in 12 patients. The
results were exciting.

MATERIALS AND METHODS

Animals
Healthy Chinese experimental miniature swine were
purchased from the Animal Center of Beijing Agriculture
University. On receipt, swine were kept in a temperature and
humidity controlled environment (20-25 , humidity 50-70 %)
in a 12/12 hour light/dark cycle and fed with a cereal based
diet with free access to water. More than a week later, they
were used to get the hepatocytes. 12 hours before procedure
only free water ad libitum was allowed. The animals were
treated in accordance with the guidelines established by
Affiliated Drum Tower Hospital of Medical College of
Nanjing University.

Hepatocytes preparation
Hepatocytes were isolated from the swine by in situ liver
perfusion and enzymatic collagenase digestion according to
the process described by Seglen[12]. Briefly, under katamine
(50 mg/kg) anesthesia, a median laparotomy and cannulation
of the portal vein were performed. The inferior vena cava was
ligated just above the renal vein and then was cannulated close
to the heart. The liver was perfused at 4  and pH 7.6 with
3 000 ml Hanks solution through the portal vein. Then the
liver was circularly perfused with 500 ml 0.5  collagenase
IV solution (Gibco, New York, USA) at a constant flow of 20
ml/minute. The softened liver was then excised and hepatocytes
were separated from the connective liver tissue by gentle
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agitation. The resulting cell suspension was filtered though 50
µm sterile metal mesh. The cells were washed three times,
suspended in non serum RPMI 1640 culture medium (Sigma,
Louis, USA) with 200 µg/L hydrocortisone, 1 mg/L HGF, 10
µg/L EGF, 20 µg/L NGF, 100 µg/Linsulin, 4 µg/L glucagon,
6.25 mg/L transferrin, 10 mg/L linoleic acid, 2 mmol glutamine,
0.5 g/L bovine serum albumin, 3nmol sodium selenate, 0.1 µg/
L CuSO4·5H2O, 50pM ZnSO4·7H2O, 15 mmol HEPES, 200 µg/
L cefaperazone, 1×10 5U/Lpenicillin and 100 mg/L
streptomycycin. Cell viability was determined by the
trypanum exclusion test. Only suspentions with cell viability
of 95 % were used. Cells suspension was then stirring
incubated overnight in that non serum RPMI 1640 culture
medium at 37 .

Configuration of bioartificial liver
Polysulfon bioreactor was purchased from TECA Corp.
(Hongkong, China). The molecular cutoff of the membrane
was 100 kD. Total fiber internal surface area was 1 620 cm2,
external surface area was 2 060 cm2. Before use, the bioreactor
was sterilized and rinsed by 3 000 ml normal saline. A
hepatocytes reservoir, a rolling pump and a circulation cycle
were designed to connect to the extra-fiber compartment of
bioreactor. The aim was to ensure more than 1010 hepatocytes
being used and enough nutrition could be provided. Then the
cultured suspended cells were filled into the extra-fiber
compartment of bioreactor. The rolling rate of the pump was
80 ml/minute.
      Blood was removed from the patient through a double lumen
catheter in superficial femoral vein at a rate of 100 ml/minute
and run through a plasma separator. The separated plasma
passed through a charcoal column or bilirubin absorption
column and then run into the intra-fiber compartment of
bioreactor in simultaneous HBAL, while in non- simultaneous
HBAL the plasma run directly into the intra-fiber compartment
of bioreactor. The reacted plasma were then reconstituted with
red blood cells and returned to the patient via the venous
cannula. (Figure 1).

Figure 1  The constructed bioartificial liver. CC: charcoal
column. BAC: bilirubin absorption column.

Clinical use
12 patients, which include 9 male and 3 female, suffering from
acute liver failure were adopted to this study. The age ranged

from 13 to 56. All the patients were found having hepatitis B
infection (Table 1). Before the BAL supporting treatment, an
evaluation of the patient’s psychic state was conducted by a
psychologist, and an agreement of BAL application was signed
by the patient and/or his direct relatives.
     The treatment regimen included simultaneous HBAL and
non-simultaneous HBAL. The only difference was bilirubin
absorption treatment or plasma exchange treatment being used
1day before the bioreactor was applied in non-simultaneous
HBAL while in simultaneous HBAL they were applied
simultaneously. Other traditional treatments were all the same.
Some liver function indexes and the one month mortality rate
were used to evaluate the function of BAL.

Table 1  Clinical data of the patients

Patient Sex    Age    Hepatitis        Regimen            Number of      Result
No.       B infection    of treatment          treatment

1 M        13            + HBAL(CC)         1       Improved

2 M        38            + 1.    HBAL(BAC)         1       Improved

2.      BAL         1

3  F         34            + HBAL(BAC)         1       Improved

4 M        55            + HBAL(BAC)         1       Death

5 M        52            + HBAL(BAC)         1       Improved

6 M        46            + HBAL(BAC)         1       Improved

7 M        58            + HBAL(BAC)         1       Improved

8 M        33            + PE and BAL         1       Improved

9  F         50            + PE and BAL         2       Death

10  F         52            + HF and BAL         1       Death

11 M        40            + HF and BAL         1       Improved

12 M        30            +  BAC and BAL         1       Improved

M: male, F: female, +: positive, HBAL: hybrid bioartificial liver,
BAL: bioartificial liver, (CC): with charcoal column, (BAC): with
bilirubin absorption column, PE and BAL: plasma exchange
and 24 hours later BAL only, HF and BAL: hemofiltration and
24 hours later BAL only, BAC and BAL: bilirubin absorption
and 24 hours later BAL only.

Statistical analysis
Mortality rate was expressed as percentage. Others were
expressed as mean ± SD. Paired T test was used (SPSS software,
SPSS Inc. USA). Probability of less than 0.05 was accepted as
significant.

RESULTS
In 12 patients, 14 times BAL treatments were conducted. The
period of one BAL treatment lasted 6 hours. All patients
experienced the procedure successfully.
      3 patients died soon after the procedure and 9 were improved.
The mortality rate was 25 %. The criteria of improvement
included improvement of general condition of the patient,
persistent hepatic function improvement, improved psychic
state, and recovery.
     In biochemical test, ALT showed slight decrease in post-
treatment period and restored to pre-treatment level 2 days
later. No change in blood albumin. Blood ammonia,
prothrombin time and total bilirubin indexes showed significant
decrease after treatment. 2 days later, only blood ammonia
still maintained significant low level (Figure 2).
     In non-simultaneous HBAL, the mortality rate was 40 %.
While in simultaneous HBAL, the mortality rate was 14.3 %.
Significant difference was found comparing them (Figure 3).
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Figure 2  Change of ALT, ammonia, prothrombin time, albu-
min and total bilirubin index in 12 patients. Compared with
pre-, ammonia, prothrombin time and total bilirubin index
showed significant decreace in post-. 2 days later, only ammo-
nia showed significant lowing. pre-: pre-treatment, post-: post-
treatment, 2d later: 2 days after the treatment. Paired T test
was used to test the difference.

Figure 3  The mortality rate of simultaneous HBAL and non-
simultaneous HBAL. Significant difference was found between
this two groups (P<0.05).

Typical case report:  A male, aged 38 years old, was admitted
for “fatigue and yellow urine for a week”. Physical examination
showed yellowish face, moderate jaundice in skin and sclera,
palpable liver that was 2 cm below the costal arch in right
mid-clavicular line, and tenderness in right upper abdomen.
Laboratory examination showed positive HBs antibody, Hbe
antibody and HBc antibody, abnormal liver function. B type
ultrasound examination showed image of liver injury. The
diagnosis was severe acute hepatitis with hepatitis B virus
infection. After admission, the patient was given conventional
treatment without any improvement and ran downhill. One
week later, He received a simultaneous HBAL (bilirubin
absorption) treatment. Total bilirubin and prothrombin time
decreased immediately. 6 days later he received another HBAL
treatment because of worsening some biochemical indexes. 2
weeks after that the patient was recovered and was waiting for
liver transplantation. (Table 2).

Table 2  Change of some biochemical index after the HBAL
treatment

Time ALT      GOT           TBI           DBI           TP         ALB          PT
                   (U/L)   (U/L)    (µmol/L)   (µmol/L)  (g/L)      (g/L)      (s)

Admission 77.5    58.8      341.8     265.4      60.1     32.8      68.8

2 hours later 58.7     52.5     343.0     255.2      52.4     31.9      32.2

HBAL 4 hours later 66.3     69.5     345.7     280.4      52.9     31.4      40.9

(BA) 6 hours later 68.7     79.9     260.8     291.6      54.5     31.4      26.7

2 days later 80.6     68.0     423.2     336.0      70.4     37.1      20.2

Before HBAL 421.2   371.9   375.4     109.0      44.6     27.4     21.9

2 hours later 427.9   412.0   389.0     102.1      42.7      26.5     28.5

HBAL 4 hours later 431.8   411.4   373.9       99.5      43.0      26.7     28.7

6 hours later 371.0   218.0   339.8      122.1     45.6     28.8     17.4

2 days later 301.2   159.6   444.6      125.7     43.6      26.5     28.7

HBAL: hybrid bioartificial liver; BA: bilirubin absorption.

DISCUSSION
ALF is a severe disease in clinical practice with a mortality
rate of 30-80 %[1-5]. OLT is thought to be the most effective
method to improve the prognosis. But it is greatly limited due
to shortage of donor liver[3,4]. HBAL is designed to take
responsibility of improving the poor physical state of the
patients and supporting liver function for a short time which
may serve as a bridge to OLT[6-11].
      The ideal HBAL should support the patients to pass through
the worst period of the course by its metabolic, synthetic,
toxin and drug degradational functions. When it works,
immune reactions to the living cells may be avoided[13,14],
while toxins and some useful factors might be capable to
pass the membrane freely.

Construction of HBAL
The external BAL is being studied in many medical centers.
Living hepatocytes are first needed in this apparatus. Human
hepatocytes are the ideal choice. But the only available human
livers are all used for liver transplantation. Human cell strains
from some liver neoplasmas were also reported. But the danger
of this application is unknown. Porcine hepatocytes are the
commonest choice of many centers, because pigs are cheap and
easy to get, without any ethical contradictions of killing them.
     When the liver cells are procured, the membranes might be
damaged by the enzymes or the mechanical factors[15]. The
damaged membrane needs 1 to 3 days for recovery[16]. Our
experience shows 1 day stirring culture of the procured
hepatocytes is enough.
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     Enough viable hepatocytes are also important in BAL. It
was estimated that 1×109 hepatocytes are the lowest limit[10].
Such a large number of hepatocytes are very difficult to live
and maintain its function in a small bioreactor, through which
hepatocytes may exchange substance with blood. If the volume
of bioreactor is enlarged greatly, hemodynamics of the patient
may be disturbed. We designed a two cycles bioreactor. The
first cycle was to supply the nutrition and the other one was to
connect to a cell reservoir which ensured 1010 cells were used
in this system.
    The toxins in blood are sometimes harmful to living
hepatocytes. To decrease this effect, mechanical filtration or
absorption is used in this system. Due to long period of time to
construct the system and urgent situation of the patient
requiring this treatment, we designed a non-simultaneous
HBAL, that used mechanical filtration or carbon absorption
or bilirubin absorption or plasma exchange first, then BAL
was applied the next day. The results were not satisfactory.
The mortality rate was higher than the simultaneous HBAL.

Effects of HBAL
The material of the bioreactor and the characters of it are most
important. Polysulfon was chosen because of its good
histocompatibility with body and little toxicity. In dialysis
medicine the polysulfon is already widely used as dialyzer.
The molecular cut-off is another important index for the
bioartificial liver. If it is large enough, cells in it may not be
protected completely. Otherwise the toxins cannot be detoxified
and useful factors secreted by hepatocytes cannot enter the
body. The molecular cut-off we choosed was 100 kD because
IgG is about 150 kD and albumin or hepatic growth factor is
about 70-80 kD.
     Our experiments showed that BAL could function well
when applied to the patients. The ammonia, prothrombin time
and total bilirubin showed significant decrease in post-treatment
examination. ALT also showed a slight decrease in post-
treatment study, although no significant difference was found.
    Also HBAL showed a delayed reaction, 2 days after
application as ammonia still showed significant decrease. We
considered that this function might be due to the synthetic
function of HBAL.
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Abstract
AIM: To investigate and compare frequencies of serum
positive cagA in patients from two separate regions of Turkey
who were grouped according to the presence of peptic ulcer
disease or non-ulcer dyspepsia.

METHODS: One hundred and eighty Helicobacter pylori-
positive patients with peptic ulcer disease or non-ulcer
dyspepsia were included in the study. One hundred and
fourteen patients had non-ulcer dyspepsia and 66 had peptic
ulcer disease (32 with gastric ulcers and/or erosions and 34
with duodenal ulcers). Each patient was tested for serum
antibody to H. pylori cagA protein by enzyme immunoassay.

RESULTS: The total frequency of serum positive cagA in
the study group was 97.2 %. The rates in the patients with
peptic ulcers and in those with non-ulcer dyspepsia were
100 % and 95.6 %, respectively. These results were similar
to those reported in Asian studies, but higher than those
that have been noted in other studies from Turkey and
Western countries.

CONCLUSION: The high rates of serum positive cagA in
these patients with peptic ulcer disease and non-ulcer
dyspepsia were similar to results reported in Asia. The fact
that there was high seroum prevalence regardless of ulcer
status suggests that factors other than cagA might be
responsible for ulceration or other types of severe pathology
in H. pylori-positive individuals.

Serin E, Yilmaz U, Künefeci G, Özer B, Gümürdülü Y, Güçlü M,
Kayaselçuk F, Boyacioðlu S. Serum positive cagA in patients
with non-ulcer dyspepsia and peptic ulcer disease from two
centers in different regions of Turkey. World J Gastroenterol
2003; 9(4): 833-835
http://www.wjgnet.com/1007-9327/9/833.htm

INTRODUCTION
Helicobacter pylori (H. pylori) infection is very common,
especially in developing countries; however, patients with this

infection rarely develop clinically significant conditions, such
as peptic ulcer disease. This situation has prompted researchers
to investigate the possible roles of host and environmental
factors, and factors related to the bacterium itself in cases that
show severe pathologies[1-3]. Earlier works identified
associations between H. pylori strains that harbor cytotoxin-
associated gene A (cagA) and significant gastroduodenal
pathology; however, the results of more recent studies are
conflicting. In Europe, investigators have reported a
significantly higher seroprevalence of cagA antigen in
gastroduodenal ulcer cases than that in non-ulcer dyspepsia
cases[4,5]. In contrast, most studies from Asian countries have
noted that there was no significant difference between these
patient groups with respect to anti-cagA antibody positivity[5-7].
Interpretation of these findings has been further complicated
by reports from Japan and China. Some of these results differ
from those of other Asian studies, and are in line with findings
in Western countries[8,9].
     Turkey is geographically situated between two continents
that are reported to have different cagA seroprevalence rates.
Our aim in this study was to compare the frequencies of serum
positive cagA in Turkish patients with peptic ulcer disease and
those with non-ulcer dyspepsia.

MATERIALS AND METHODS
General data of patients
The study included 180 patients (79 males and 101 females;
mean age 43.4±11.2 years old) with dyspepsia who were
confirmed H. pylori-positive by rapid urease testing. The
patients came from two Baskent University medical centers in
two different Turkish cities. Ninety-nine were from the southern
city of Adana, and 81 were from Ankara in central Turkey.
Individuals who met at least one of the following criterias were
excluded from the study: history of H. pylori eradication
treatment; anti-secretory and/or non-steroidal anti-
inflammatory drug therapy in the 4 weeks prior to the study;
chronic organ failure (chronic renal, pulmonary, or liver
disease); chronic alcohol intake and cigarette smoking.

Methods
Gastric specimens from the antrum and corpus of each patient
from the Adana Hospital were examined with hematoxylin/
eosin and Giemsa stains. For each specimen, chronic
inflammation, neutrophil activity, and H. pylori density were
scored separately, according to the updated Sydney system:
0=normal, 1=mild, 2=moderate, and 3=severe[10]. We modified
the four-point scale for histological scoring slightly in order to
facilitate statistical analysis. Scores of 0-1 were categorized
together as “low score” and scores of 2-3 were categorized
together as “high score.” The same pathologist examined all
the histological sections.
    Three groups were divided according to the patients’
endoscopic findings: a non-ulcer dyspepsia (NUD) group
(n=114); a duodenal ulcer (DU) group (n=34); and a gastric
ulcer and/or erosion (GU/E) group (n=32).
     Enzyme immunoassay (Equipar Diagnostici, Rome, Italy)
was used to test for the presence of serum IgG and IgA

º 

º 

º 



834                   ISSN 1007-9327          CN 14-1219/ R         World J Gastroenterol    April 15, 2003   Volume 9   Number 4

antibodies to H. pylori cagA protein. Since there is no
international standard for IgG levels, this was quantitated by
means of a standard curve calibrated in arbitrary units per
milliliter (Uarb/mL). Serum levels above 5 Uarb/mL were
considered to indicate positivity.

Statistical analysis
The unpaired Student’s T-test and the χ2 test were used to
analyze the data, as appropriate. It was considered to be
statistical significant when P<0.05.

RESULTS
Of the 180 patients, 175 (97.2 %) were cagA (+). The rate
serum positive cagA in the NUD group was 95.6 %, and they
were 100 % in both DU and GU/E groups. The overall rate in
each hospital and the group rates in each center were shown in
Table 1. The NUD, DU, and GU/E groups had similar mean
serum levels of IgG-type cagA antibodies (45.2±40.3 Uarb/
mL, 54.3±42.4 Uarb/mL, and 51.2±41.3 Uarb/mL,
respectively; P>0.05).

Table 1  The rates of serum positive cagA overall and accord-
ing to endoscopic diagnosis in the patients from the two dif-
ferent centers

      cagA+  

  Adana hospital n (%) Ankara hospital n (%)      P

Total patients         98/99 (98.9)           77/81 (95.1)  NS
NUD patients         73/74 (98.6)           36/40 (90.0)  NS
GU/E patients         12/12 (100)           20/20 (100)  NS
DU patients         13/13 (100)           21/21 (100)  NS

Denotes: NUD: Non-ulcer dyspepsia; DU: Duodenal ulcer; GU/
erosion: Gastric ulcer and/or erosions.

Figure 1  The percentages of patients with high scores
(moderate or severe findings) for inflammation, neutrophil
activity, and H. pylori density in the antrum and corpus. (NUD:
Non-ulcer dyspepsia; DU: Duodenal ulcer; GU/erosion: Gas-
tric ulcer and/or erosions).

     In each group, the percentages of patients with high scores
for each histologic parameter were calculated. Separate
calculations were made for the antrum and the corpus specimens.
The results were then compared to demonstrate whether there
was any difference among gastroduodenal pathologies (NUD,
DU, and GU/E) with respect to severity of gastritis and H.
pylori density in each stomach region (Figure 1). In the antrum,
there were no significant differences in the group rates for
chronic inflammation, neutrophil activity, and H. pylori density
(P>0.05), and all three groups had very high frequencies of
high scores for chronic inflammation and H. pylori density.
Analysis of the corpus findings showed that the DU group had
a lower percentage of patients with high inflammation scores
than those in the other two groups (P<0.05). Also, the GU/E
group had a higher percentage of patients with high H. pylori
density scores than those in the other two groups (P<0.05).

DISCUSSION
Many studies have suggested that cagA+ strains of H. pylori
are associated with severe gastrointestinal lesions, such as
severe gastritis, peptic ulcer disease, and gastric cancer[11-13].
In infected patients, the cagA protein is translocated into
epithelial cells and induces structural changes in these cells[14,15].
A number of investigations have shown that infection with
these strains leads to increased secretion of interleukin-8, which
plays a pivotal role in the inflammatory response[16,17]. Despite
these findings and observations, recent studies of the frequency
of cagA+ H. pylori strains in patients with NUD have suggested
that factors other than cagA may contribute to severe
gastrointestinal pathologies[5-7].
     Studies of patients with and without peptic ulcer disease in
different countries, and in different regions within countries,
have revealed wide variations in cagA serum prevalence in
these two groups. This variation is evident if we compared the
data from our study group overall (180 H. pylori-positive
patients from health centers in central and southern Turkey)
and a previously published study of patients from western
Turkey[18]. The latter report showed that the rate of serum
positive cagA was significantly higher in peptic ulcer patients
than that in NUD patients, whereas our results showed higher
but similar rates when our patients were categorized in these
two groups. When we analyzed our data of patients categorized
according to hospital/city origin (Table 1), the overall rates of
serum positive cagA were similar, and the corresponding rates
were similar when the patients were divided into NUD, GU/E,
and DU groups. These observations supported the suggestion
that cagA should not be considered a universal marker for the
prediction of severe gastrointestinal pathology. The reasons
for, and the clinical aspects associated with this variation in
serum positive cagA are not clear. Two possible reasons for
the discrepancy among studies even from same country are
the possible differences between commercial kits in the
detection of cagA antibody in the sera of patients and variation
in the prevalence of serum positive cagA strains even in areas
showing geographical proximity.
     In our study, we were unable to compare the severity of
gastritis and H. pylori density in patients with cagA(+) and
cagA(-) strains because almost all of the 180 patients tested
positive for cagA antibodies, regardless of the endoscopic
diagnosis. We performed an indirect analysis in attempt to
determine whether cagA+ H. pylori strains were associated
with severe gastritis. For this, we focused only on individuals
with high histological scores, and determined the percentage
of patients in each group that had high scores for chronic
inflammation, neutrophil activity, and H. pylori density,
respectively. The NUD, GU/E, and DU groups all had very
high frequencies of high inflammation scores in the antrum.
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However, in the corpus, the DU group had a significantly lower
frequency of high inflammation scores than the other two
groups. These findings suggested that cagA may have some
impact on the severity of gastritis, but not on duodenal ulcer
development. Previous work has shown a negative correlation
between severe corpus gastritis and the presence of DU, most
likely due to changes in the pattern of gastric acid secretion[19,20].
Our findings were in line with this reported relationship.
     Figura et al reported that most patients with NUD have
both cagA(+) and cagA(-) strains of H. pylori simultaneously,
and suggested that a particular pathological finding may be
determined by the dominant strain that colonizes a particular
gastric area[21]. This may explain the conflicting results of
different studies concerning the serum prevalence of cagA in
NUD patients. According to this concept, a patient with anti-
cagA antibody in his or her serum may clinically show NUD
if the majority of the H. pylori organisms in the gastric mucosa
are cagA(-).
     There is also another possible explanation for why some
patients with cagA(+) strains develop milder upper
gastrointestinal pathology than those who show more severe
pathology but have the same bacterial strain. The reason may
be variations in genetic make-up, as a number of different
cagPaI genes are required for the cagA protein to be able to
enter epithelial cells. Investigation has shown that inactivation
of some of these genes abolishes cagA delivery and
phosphorylation[14,22].
     In conclusion, our findings reveal that the rates of cagA
serum prevalence are high and similar in H. pylori-positive
patients from two Turkish cities that are approximately half
thousand of kilometers apart. These rates indicate that cagA
serum prevalence in the Turkish population is close to the rates
reported in Asian countries. The fact that we observed similar
frequencies of cagA(+) H. pylori strains in all our dyspeptic
patients, regardless of ulcer status, suggests that factors other
than cagA may contribute to severe gastrointestinal pathology
in patients with H. pylori.
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Abstract
AIM: To explore the pathophysiologibasis for the fact that
patients with digestive tract symptoms do not necessarily
have gastric mucosal pathology and those without clinical
symptoms do not necessarily have no gastric mucosal
pathology.

METHODS: The ultrastructure, trace elements, cAMP, DNA,
SOD and LPO in the gastric mucosa and its epithelial cells of
188 patients without organic lesions of heart, lung, liver,
gallbladder, pancreas, kidney or intestine and basically
histopathological normal persons (F) were detected
synchronously by SEM, TEM, EDAX, Image analysis system
RIA and 3H-TdR Lymphocyte Transfer Test.

RESULTS: The content of Zn, Cu, cAMP and 3H-TdR LCT in
gastric mucosa and the content of Zn, Cu, DNA and LPO in
gastric mucosa epithelial nuclei of each group were shown
as belows: Normal control (4.1±1.0, 5.2±0.8, 15.9±1.5,
1079.7±227.4, 7.6±0.4, 58.4±0.3, 12.6±2.7, 2.6±0.6); CSG
without symptoms group (3.7±1.2, 5.1±1.8, 15.6±0.9,
924.5±234.9, 7.8±0.3, 58.6±0.4, 13.0±3.1, 2.9±0.4); CAG
without symptoms group (3.3±1.0, 4.8±0.9, 14.9±0.7,
887.7±243.6, 7.8±0.3, 58.7±0.3, 14.3±2.8, 3.1±0.4); F
type with symptoms group (3.5±1.4, 4.5±1.0, 15.7±1.4,
932.1±2449.3, 7.9±0.4, 58.7±0.5, 13.5±4.6, 2.9±0.7);
CSG with symptoms group (2.8±1.9, 4.0±1.5, 14.2±1.8,
867.3±240.5, 8.1±0.5, 58.9±0.5, 15.2±3.2, 4.2±0.7); CAG with
symptoms group (2.0±1.8, 3.4±1.5, 13.4±1.8, 800.9±221.8,
8.6±0.4, 59.3±0.5, 16.5±3.1, 4.5±0.6). The contents of
Zn, Cu in mitochonondria and SOD in gastric mucosa of
each group were shown as belows: Normal control group
(9.2±0.5, 58.3±0.3, 170.5±6.1), CSG without symptoms
group (8.9±0.5, 58.2±0.3, 167.2±5.3), CAG without
symptoms group (8.8±0.4, 57.5±0.2, 166.1±4.2); F type with
symptoms group (8.9±0.5, 58.0±0.3, 167.9±5.7), CSG with
symptoms group (8.6±0.5, 57.8±0.3, 163.3±5.6); CAG with
symptoms group (8.3±0.4, 57.5±0.3, 161.2±4.3). There were
significant differences in these cases, P<0.05-0.001. There
were synchronous changes of gastric mucosa epithelial
cellular ultrastructure. The “background lesions” (focal
atrophic gastritis, focal intestinal metaplasia, micro-ulcer) in
nonfocal gastric mucosa of all groups had significant
differences (P<0.05-0.001).

CONCLUSION: Disease with symptoms, disease without
symptoms, nondisease with symptoms occur on the basis

of the quantitative changes of gastric mucosa epithelial
cellular ultrastructure and related bioactive substances.

Yin GY, Zhang WN, He XF, Chen Y, Shen XJ. Study on the
classification of chronic gastritis at molecular biological level.
World J Gastroenterol  2003; 9(4): 836-842
http://www.wjgnet.com/1007-9327/9/836.htm

INTRODUCTION
After undergoing gastroscopy with mucosal biopsy, patients
with digestive traet symptoms and volunteer blood donors
without any clinical symptoms were found to be of two types:
those with gastric mucosa pathological changes, and others
without evident pathology. In order to explore the
pathophysiological basis, we detected synchronously the
epithelial cell ultrastracture, trace element, cAMP, DNA,
gastric mucosa SOD, serum LPO and 3H-TdRLCT by means
of histopathology, SEM, TEM with EDAX, image analysis
technique, RIA and chemiluminescence method. The results
were reported as follows.

MATERIALS AND METHODS
Materials
188 patients with digestive tract symptoms, had been ruled
out from organic lesions of heart, lung, liver, gallbladder,
pancreas, kidney or intestine by physical examination,
fluoroscopy of chest,  GI  x-ray examination, type
ultrasonography, blood biochemistry, gastroscopy with
histopathological examination. According to diagnostic criteria
of  “the standards for the classification of chronic gastritis,
gastroscopy antrophic gastritis”, 68 cases were diagnosed as
CSG (43 males, 25 females, average age 43, average course of
disease 4a); 64 cases as CAG (37 males, 27 females, average
age 47, average course of disease 6a.); 56 cases as having
basically normal gastric mucosa (F group) (22 males, 34
females, average age 39, average course of disease 2a). Among
42 volunteer blood donors without any clinical symptoms,
through gastroscopy and histopathological biopsy, 18 cases
were diagnosed as CSG (13 males, 5 females, average age
39), 9 cases as CAG (7 males, 2 females, average age 41); 15
cases as having basically normal gastric mucosa (6 males, 9
females, average age 37) thus also referred to as normal control
group (NC group).

Methods
Daring gastroscopy, three pieces of gastric mucosa were taken
from the focal, nonfocal areas of antral region of stomach and
body of stomach for histopathological examination, SEM,
TEM, the determination of cAMP and SOD. Blood specimens
were taken to determine LPO and 3H-TdRLCT. For the study
of gastric mucosa ultrastructure and determination of its trace
elements, 501B SEM with 9100/60 EDAX were used ttaking
three pieces of specimens from each patient and determine the
weight percentage (WT%)[1-4] of each element between the
elements of gastric mucosa. Radioimmuno-assay was adopted



to detect gastric mucosa cAMP content (pmol/g)[5], blood 3H-
TdRLCT (Bq/L)[5]. For the observation of gastric mucosa
epithelial cellular ultrastructure and the determination of
its trace elements, EM 430 TEM with 9100/60 EDAX[1-4]

were used. The three pieces of mucosa specimens of every
patient were magnified in unison by five magnifying powers
(3 600, 7 200, 14 000, 19 000, 29 000) to randomly take
pictures of the panoramagram, local area and organelle and
to determine the atomic number percentage (AT %) of each
nuclear and mitochondrial element between the trace
elements. 50 nuclei and 50 mitochondria of each patient
were determined, with average WT% of each element taken
as its actual WT%. For the determination of DNA in gastric
mucosa epithelial nuclei, IBAS 2000 image analysis
technique was used to determine IOD with gastric mucosa
cell smear after. Feulgen staining, taken as the relative content
of nuclear DNA[4]. Chemiluminescence method was adopted
to determine the activity of SOD (u/g) in gastric mucosa[5].
Thiobarbituric acid development process was adopted to
determine serum LPO (umol/L)[5].

Statistical method
χ2 and t test.

RESULTS

Histopathological changes of gastric mucosa
In NC group and F group, there were extremely small number
of mononuclear cells and lymphocytes in lamina propria of
gastric mucosa, there was no abnormality in gastric gland.
Therefore their gastric mucosa were defined as relatively
normal. In CG gastric mucosa, in there were various degrees
of infiltration of lymphocyte, plasmocyte, eosinophil and
neutropil in lamina propria, there were various degrees of
degeneration necrosis, erosion and atrophy in mucosa epithelial
cells. Glands decreased due to destruction and some glands
had cystic dilatation. As for the inflammatory cell infiltration
degree in gastric mucosa and the decrease degree of original
glands (<1/3 low-grade, >1/3 <2/3 middle-degree, >2/3 heavy-
grade). There was greater significant difference in CSG without
symptom (CSG-woS) group, CAG without symptom (CAG-
woS) group, CSG with symptom (CSG-wS) group. CAG with
smptom (CAG-wS) group than in HC group and F group
(P<0.05-0.001). There was significant difference between the
first four groups (P<0.05-0.001, Table 1).

Ultrastructure of gastric mucosa
The relatively normal gastric mucosa had clear surface, which
was divided by crisscross small groves into many lesser
gastric areas, assuming convolution shape, in which there
were many gastric pits (the mouths of gastric glands). The
gastric pits were shaped like craters and their concaver walls
had round or oval epithelial cells of almost the same size
(Figure 1). When magnified, the surfaces of cells were found
to be rough and uneven, with short and thin microvilli as
well as many semiciroular cumuli, several micro processus
and small fossae. The fossae were marks left by cumuli after
rupture and excretion of mucus. The crater periphery
projections were shaped like dykes. The gastric antrum
mucosa were rough, apparently folded, the small craters were
mostly groves of different lengths with deep bottoms. In low
power observation, as far as gastric mucosa of chronic
gastritis was concerned, the crisscross groves of the focal
mucosa are shallow, the convolution structures were smooth
and even, craters were deformed and of different sizes at
different heights and ill-distributed; the dykes form
projections that are undulating, of different width (Figure 2).

In high power observation, the focal gastric mucosa had
scattering denatured, diabrotic and necrotic exfoliated
epithelial cells, on it’s surfaces S-shape helicobacter pylori
were found (Figure 3). Massive epithelial cells were diabrotic,
anabrotic and exfoliated forming micro ulcers. The ulcers
spread from their centers, with adjacent cells crushed and
destructed, in irregular shapes and arrangement. The epithelial
cells of the crater walls were atrophic and denatured of
different sizes and derangement (Figure 5), and the cells
became diabrotic and necrotic and had inflammatory cell
infiltration (Figure 6). The glands propria of the serious cases
were shaped like grid framework structure (Figure 7). The
surfaces of the epithelial cells of IM gastric mucosa were
covered with a thick coating, villi were invisible, and the
intercellular boundaries were not clear (Figure 8). The
hollowed crateriform cells were round or polygon cavities,
with ejected mucus at mouths scattering like tiny white dots.
In nonfocal gastric mucosa, focal atrophic inflammatory
changes, IM cell population, micro ulcers and helicobacter
pylori (can be found also), they were generally referred to as
“background lesion”.
     Comparing CSG-woS group, CAG-woS group, CSG-wS
group and CAG-wS group, there were significant differences
in background lesion of nonfocal gastric antrum mucosa
(P<0.05-0.001). The incidence rate of background lesion of
nonfocal gastric mucosa is especially high in CAG-wS group
(Table 2).

The ultrastructure of gastric mucosa epithelial cells
The mucous cells on epithelial cell surface of relatively normal
gastric mucosa were columanar epithelial cells covering
endogastric surfaces and inside wall of gastric pits. Their free
surfaces had short microvilli and muclei were relatively big,
at the bottoms of the cells. In cytoplasm were mucous granules
of various sizes, a great deal of RERs and scattered
mitochondria. The mucous neck cells were distributed over
the necks of gastric glands, round or crescent shape. In the
upper part of cytoplasmic nuclei, there were a great deal of
secretory granules, developed Golgi’s bodies, a few RERs and
scattered mitochondria. On the tops of cells were a few short
thick micro villi. Chief cells were distributed over the bodies
and bottoms of gastric glands and their nuclei were round. In
cytoplasms there are many parallel RERs, a great deal of
secretory granules, well-developed Golgi’s bodies and scattered
mitochondria (Figure 9). The parietal cells were big and conic
in shape and their conical tops turned towards gland cavities.
The nuclei were in the centers of the cells. The cytosols are
filled with vesicular smooth RERs (secreting hydrochloric
acid), intracellular canaliculi (conveying hydrochloric acid)
and many mitochondria. The endocrine cells lay between chief
cells and parietal cells. They were small and their nuclei are
round, at the bottoms of cellular matrixes. In cytoplasms, there
are great deal of spherical endocrine granules, RERs, and a
few mitochoncdria, Golgi’s bodies lie nearby nuclei (Figure
10). The normal gastric mucosa epithelial cell nuclei were
round or oval; the nuclei envelopes are slightly bending;
lobulated nuclei were few; the nucleocyotoplasmic ratio was
less than 1; the nuclei chromatins were scattered, associated
with nucleoli or distributed around the nuclei. The light bright
zones between heterochromatins in the nucleoli were
euchromatins; the nucleoli had high electron density without
capsules (Figure 11). The normal epithelial cell mitochondria
of gastric mucosa were round or oval, scattered around nuclei.
The mitochondria consist of outer membrane, inner membrane,
outer ventricle, inner ventricle and cristae. Crista, the inward
folded inner membrane, was a hollow canal leading to outer
ventricle. Some mitochondrial cristae lead directly to
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cytoplasms. Cristas were generally in tabular arrangement,
parall to each other and vertical to mitochondrial long axes
(Figure 12). The free surfaces of epithelial cells of CG gastric
mucosa have dropped off micro villi. The intercellular space
expands and cell conjuctions decrease; mitochondria decrease,
become swollen or cristae breake and had vacuolar
degeneration (Figure 13). RERs dilate and were in circular
arrangement. The Golgi’s bodies became atrophic and had lost
their typical structures; the cytoplasmic secretory granules
decreased; nuclei expand or  shr ink;  parietal  cel l
intracytoplasmic canaliculi dilate and micro villi become short
and thin or even disappear. The karyoplasmic ratio of the cells
with undifferenciated nuclei and IM cells of CG gastric mucosa
epithelial cells were greater than 1 and there is increase in
nuclear lobulation (Figure 14), interchromatic granules, peri-
chromatic granular density and euchromatins. The nucleoli
were hypertrophic and lie close to nuclear margins (referred
to as nucleolar margination). The obsolescent epithelial nuclei
shrink and the nucleocyto-plasmic ratio was still less. The
hetero chromatins lie densely around nuclei; the electron
density was low in the center of nuclei and nuclei were loop
in shape (referred to as chromatic margination) (Figure 15).
The shrinked nuclei were denticular, in which the electron
density was moderately homogeneous and chromatins were
not found (referred to as chromatic homogenization). As for
the above changes, there was significant difference between
NC group, CSG-woS group, CAG-woS group, F-wS group,
CSG-wS group and CAG-wS group (P<0.05-0.001, Table
3). There were mitochondrial swelling, hypertrophy,
pyknosis, hyaline degeneration as well as vacuolar
degeneration in epithelial cells of CG gastric mucosa.

Deformed mitochondria were in C-shape or U-shape. There
were zigzag, longitudinal, sparse, pyknosis and deranged
cristae (Figure 16). There was an decrease in the number of
mitochondria and their cristae. In the above changes, there
Is significant difference between NC group. CSG-woS group.
CAG-woS group. F-wS group CSG-wS group and CAG-wS
group (P<0.05-0.001, Table 4).

Gastric mucosa trace elements, cAMP, SOD and blood 3H-
TdRLCT
Under the direct vision of SEM with EDAX probe that
automatically detected the samples within 0.1-0.01 mm2 range
all the elements under 12 in atomic number and automatically
calculates the weight percentage (WT%) of each element in
the element series. 15 points were fixed in the three pieces of
mucosa from every patient to carry out 15 detections and in
every detection, 21 elements were detected to get their
respective average WT% as its actual WT%. Zn and Cu were
taken as index. The gastric mucosa Zn, Cu, cAMP, SOD and
3H-TdRLCT decrease progressively in the sequence of NC
group CSG-woS group, CAG-woS group, F-wS group. CSG-
wS group and CAG-wS group (P<0.05-0.001, Table 5).

Biochemical changes in gastric mucosa and blood serum
The quantity of nuclei DNA, Zn, Cu and serum LPO increased
progressively in the sequence of NC group, CSG-woS group,
CAG-woS group, F-wS group, CSG-wS group, CAG-wS
group. While mitochondrial Zn, Cu, decreased progressively
in the same sequence and there were significant differences
between these groups (P<0.05-0.001, Table 6).

Table 1  Degree of inflammatory cell infiltration compared with the degree of decrease of original glands in gastric
mucosa n(%)

Degree of inflammatory cell infiltration   Degree decrease of glands propria
Group n

  <1/3            >1/3<2/3  >2/3 <1/3  1/3<2/3 >2/3

NC 15

CSG-woS 18 11(61.1)   6(33.3)   1(5.6) 1(5.6)

CAG-woS  9   5(55.6)   3(33.3)   1(11.1) 5(55.6)d 3(33.3)

F-TwS 56

CSG-wS 68 26(38.2)c 32(47.1) 10(14.7)

CAG-Ws 64 19(29.7)df 21(32.8) 24(37.5)df 23(35.9)d 23(35.9) 18(28.1)

Compared with NC group. aP<0.05, bP<0.01; compared with CSG-woS group. cP<0.05, dP<0.01; compared with CAG-woS group.
eP<0.05, fP<0.01, Compared with F-wS group, gP<0.05, hP<0.01, Compared with CSG-wS group, iP<0.05, jP<0.01, In table 2-6, the
marks are the same as here.

Table 2  Focal background lesions in non-focal site of gastric mucosa n (%)

CSG-woS (n=18) CAG-woS (n=9) CSG-wS (n=68) CAG-Ws (n=64)
Focal lesions

        Gastric antrum    Gastric body    Gastric antrum    Gastric body    Gastric antrum    Gastric body    Gastric antrum    Gastric body

Atrophic 1 (5.6) 0 (0.0) 1 (11.1)a 0 (0.0)            21 (30.9)bd          11 (16.2)            47 (73.4)bdj         27 (42.2)j

inflammatory lesion

IM 4 (22.2) 1 (5.6) 5 (55.6)b 2 (22.2)b                   27 (39.7)bc 5 (7.4)d                    59 (92.2)bdj               13 (20.3)b

Micro ulcer 1 (5.6) 1 (5.6) 3 (33.3)b 1 (11.1)a                   11 (16.2)               2 (2.9)c                    28 (43.8)bdj                  9 (14.1)aj
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Table 3  Ultrastructures of gastric mucosa epithelial cell nuclei n (%)

    Appeararce                  Chromatin      Nucleoli
Group n

nucleoplasmic   nuclear margination or   perinuclear hypertrophy or
      ratio >1 lobulation   homogeneity concentration    margination           looping

NC 15         1 (6.7)       1 (6.7)

CSG-woS 18       1( 5.6)         4 (22.2)b           1 (5.6)        1 (5.6)          1 (5.6)

CAG-woS   9       2(22.2)d         2(22.2)         7 (77.8)bd           3 (33.3)bd        2 (22.2)d          4 (44.4)d

F-TwS 56         3 (5.4)df            3 (5.4)f             1 (1.8)f

CSG-wS 68       5( 5.7)f         2(2.9)f               7 (10.3)cf            5 (7.4)f             2 (2.9)f               2 (2.9)f

CAG-Ws 64     20(31.3)dj     9(29.7)j       33 (51.6)bdhj     29 (45.3)dfhj      27 (42.2)dfhj        14 (21.9)dgi

Table 4  Mitochondria ultrastructures of gastric mucosa epithelial cells. (x±s)

Group               n           Number          Swelling &              Matrix-                    Vacuolar               Pyknosis              Crista        Crista fragmentation
                    overgrowth (%)    discoloration (%)    degencration (%)           (%)              number      & derangement (%)

NC 15 86.5±27.3   3.4±1.6    3.0±1.1         2.9±1.9             1.1±0.8 12.8±3.2 2.2±1.1

CSG-woS 18 85.3±22.2   3.9±1.1    3.9±2.2         3.2±1.2             1.4±0.9 11.4±2.4 3.1±1.3

CAG-woS   9 83.8±17.3   4.4±2.4    4.3±2.9         3.3±1.1             1.7±0.8 11.4±2.1 3.2±1.2

F-TwS 56 83.1±22.8   5.4±2.9bd    4.4±2.4         2.9±1.8             1.2±0.7 11.2±2.3 3.9±1.2bc

CSG-wS 68 65.4±21.1bdfh   7.2±3.8bdfg    7.9±5.0bdfh         6.4±4.5bdfh             1.9±0.9bch 8.2±3.2bdfh 5.8±3.1bdfh

CAG-wS 64 52.2±20.8bdfhj 10.9±4.5bdfhj  11.7±8.6bdfhj       11.6±7.7bdfhj             3.7±1.1bdfhj 6.9±3.5bdfhji 8.9±3.7bdfhj

Table 5  Gastric mucosa trace elements, cAMP and 3H-TdRLCT (x±s)

Gastric mucosa
Group n      Blood

    Zn    Cu    cAMP  SOD          3H-TdRLCT (Bq/L)
(WT%) (WT%) (Pmol/g)  (u/g)

NC 15 4.1±1.0 5.2±0.8 15.9±1.5 170.5±6.1 1079.7±227.4

CSG-woS 18 3.7±1.2 5.1±1.8 15.6±0.9 167.2±5.3 924.5±234.9

CAG-woS   9 3.3±1.0 4.8±0.9 14.9±0.7a 166.1±4.2a 887.7±243.6

F-TwS 56 3.5±1.4a 4.5±1.0a 15.7±1.4e 167.9±5.7 932.1±2449.3a

CSG-wS 68 2.8±1.9bcg 4.0±1.5aceg 14.2±1.8bdeh 163.3±5.6bdh 867.3±240.5bc

CAG-wS 64 2.0±1.8bdfhi 3.4±1.5bdfhj 13.4±1.8bdfhi 161.2±4.3bdfhi 800.9±221.8bdi

Table 6  Epithelial nuclei and mitochondria Zn, Cu in gastric mucosa (x±s)

Nuclei Mitochondria             Serum
Group n

Zn (AT%) Cu(AT%) DNA(IOD) Zn (AT%)             Cu(AT%)         LPO(umol/L)

NC 15   7.6±0.4  58.4±0.3   12.6±2.7   9.2±0.5 58.3±0.3 2.6±0.6

CSG-woS 18   7.8±0.3  58.6±0.4   13.0±3.1   8.9±0.5 58.2±0.3 2.9±0.4

CAG-woS   9   7.8±0.3a  58.7±0.3a   14.3±2.8   8.8±0.4a 57.5±0.2bd 3.1±0.4

F-TwS 56   7.9±0.4a  58.7±0.5a   13.5±4.6   8.9±0.5a 58.0±0.3af 2.9±0.7

CSG-wS 68   8.1±0.5bdfh  58.9±0.5bdh   15.2±3.2bcg   8.6±0.5bh 57.8±0.3bdfh 4.2±0.7bdfh

CAG-Ws 64   8.6±0.4bdfhj  59.3±0.5bdfhj   16.5±3.1bdehi   8.3±0.4bdfhj 57.5±0.3bdhj 4.5±0.6bdfhi
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Figure 1  Mouth of gastric glands, like craters, The concaver walls have round or oval epithelial cells, of almost same size. ×160.
Figure 2  Craters are deformed, the crater periphery projections are of different heights and width. ×320.
Figure 3  On cell surfaces, S-shape Helicobacter pylori are found. ×2 500.
Figure 4  Micro ulcers. ×320.
Figure 5  Epithelial cells of crater concave walls are atrophic, denatured, of different sizes and deranged. ×640.
Figure 6  Inflammatory cell infiltration . ×2 500.
Figure 7  Glands propria of grid framework structure. ×320.
Figure 8  Surface of IM gastric mucosa epithelial is thickly coated, villi are invisible, intercellular boundaries are not clear. ×320.

840                   ISSN 1007-9327          CN 14-1219/ R         World J Gastroenterol    April 15, 2003   Volume 9   Number 4

1 2

4

6

87

5

3



Figure 9  Normal epithelial nuclei are round, there are RERS, secretory granules, Golgi’s bodies and mitochondrias in cytoplasms. ×7 200.
Figure 10  The normal epithelial secretory cells are relatively small, nuclei are round, a great deal of spherical incretory granules
in cytoplasms. ×14 000.
Figure 11  Normal gastric mucosa epithelial nuclei are round. or oval, nucleocyotoplasmic ratio <1; the nucleoli have no capsules. ×14 000.
Figure 12  Normal cristas are hollow canals leading to outer ventricles. cristas are vertical to mitochondrial long axles. ×14 000.
Figure 13  Intercellular space expands, decrease of cellular conjuctions; mitochondria decrease, swollen or cristae break, have
vacuolar degeneration. ×29 000.
Figure 14  Nucleocytoplasmic ratio >1, lobulated nuclei. ×7 200.
Figure 15  Heterochromatins lie densely around nuclei, the electron density is low in the centers of nuclei. the nuclei are loop in
shape (referred to as chromatic homogenization). ×14 000.
Figure 16  Longitudinal cristas, sparse cristae, deranged cristae. ×14 000.
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DISCUSSION
Compared with NC group, 188 patients with digestive tract
symptoms without other orangic disease and 27 patients
without any clinical symptoms have a tendency of decreasing
of quality in the submicrostructure of gastric mucosa epithelial
cells -mitochonclria. The incidence rate of karyoplasmic ratio >
1, mucleari lobulation, chromatin peripheral granule
densification, hypertrophy of nucleoli, mitochondrial
degeneration, and quantitive changes of nucleolar DNA, Zn,
Cu and LPO incread progressively in the sequence of NC group.
CSG-woS group, CAG-woS group, F-wS group, CSG-wS group
and CAG- wS group. While gastric mucosa Zn, Cu, cAMP, SOD
and mitochondrial Zn, Cu and the number of mitochondria and
crista decread progressively in the same sequence.
     When gastric mucosa is damaged by noxious substances
or ischemia, the metabolism of Zn, Cu becomes disordered
with the body and thus enzyme system is disturbed. In human
body, Zn is the important component and activator of over a
hundred varieties of enzymes such as carbonic anhydrase, DNA
polymerase, peptase, phosphatase, peroxide dismutase etc. By
regulating the activity of these enzymes, it participates and
regulates the metabolism of sugars, lipids, proteins, nuclei acid
and vitamins, contends for mercaptan to inhibit free radical
reaction. Cu participates the composition of over 30 kinds of
proteins and enzymes in the body, regulates the protein
metabolism and influences cellular respiration and division.
When the level of Zn and Cu in the body declines, the synthesis
and activity of SOD will be inhibited. Because of NADPH
oxidation reduction circulation and the catalytic function of
xanthine oxidase, a great deal of oxygen free radicals will be
produced, far beyond the clearing ability of SOD. The excessive
accumulated oxygen free radicals react in peroxidation with
unsaturated fatty acid of inner and outer mitochondrial
membranes and produce LPO, therefore serum LPO level will
rise. The inner and outer mitochondrial membranes will
accordingly be damaged, resulting in the decrease and
derangement of mitochondrial cristae, the change of the ratio
of mitochondrial ventricle diameter to cavity diameter and
eventfully the retrograde affection, the decrease of ATP
production, inadequate energy supply, which in turn cause
debility, structural atrophy, decrease of gastric acid secretion
and even cytonecrosis. The participation of Zn and Cu
dependence enzymes is essential in nuclear protein synthetic
metabolism (including DNA duplication) and mitochondrial
energy metabolism. When nuclear took in more Zn and Cu,
the protein synthsis was brisk, nuclei division and hyperplasia
were accelerated, which increased the chance of gene mutation.
As the second messenger substance, cAMP regulate some vital
activities in the body. Once the quantity of cyclic nucleoside
phosphate in nuclei changes abnormally, pathological state will
occur. The quantitive changes of cAMP result in the changes
of cellular metabolism, immunity and vegetative functions.
The decrease of cyclic nucleoside phosphate, especially cAMP
in the body results in the inhibition of sympathetic nerve
(including purinergic nerve) function, and relative
hyperfunction of parasympathetic nerve function. As a result,
digestive tract symptoms occur such as abdominal distention,
loose stool, involuntary drooling, poor appetite, pale enlarged
tongue with tooth marks. Through influencing lymphocyte
metabolism, the quantitive changes of Zn and cAMP in turn
influence cell respiration, differentiation and inhibit
lymphocyte transformation[4,6-13] and cause decline of 3H-
TdRLCT level. As a result: (1) When gastric mucosa Zn, Cu
and blood 3H-TdRLCT are nearly equal to that of NC group
and gastric mucosa cAMP was markedly lower than that of

HC group, clinical phenomena as CSG-woS and CAG-woS
will occur; (2) When gastric mucosa Zn, Cu and 3H-TdRLCT
were markedly lower than that of NC group and gastric mucosa
cAMP is nearly equal to that of NC group, the phenomenon of
F type with symptoms (non -disease with symptoms) will occur;
(3) When the levels of gastric mucosa Zn, Cu, cAMP and 3H-
TdRLCT were all markedly lower than those of NC group, the
clinical phenomena such as CSG-wS and CAG-wS will occur.
The occurrences of these clinical phenomena were consistent
with the change of gastric mucosa ultrastructure and
histopathology, forming the pathophysiological basis in the
classification of chronic gastritis. Thus it can be seen that
changes of gastric mucosa epithelial cell ultrastructures and
the quantitive changes of their bioactive substances are the
pathophysiological bases that determines the classification of
chronic gastritis with different classification has respective
clinical symptoms.
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Abstract
AIM: To investigate the safety, rationality and the practicality
of enteral nutritional (EN) support in the postoperative
patients with damaged liver function and the protective effect
of EN on the gut barrier.

METHODS: 135 patients with liver function of Child B or C
grade were randomly allocated to enteral nutrition group
(EN, 65 cases), total parenteral nutrition group (TPN, 40
cases) and control group (CON, 30 cases). Nutritional
parameters, hepatic and kidney function indexes were
measured at the day before operation, 5th and 10th day
after the operation respectively. Comparison was made to
evaluate the efficacy of different nutritional support. Urinary
concentrations of lactulose(L) and mannitol(M) were
measured by pulsed electrochemical detection(HPLC-PED)
and the L/M ratio calculated to evaluate their effectiveness
on protection of gut barrier.

RESULTS: No significant damages in hepatic and kidney
function were observed in both EN and TPN groups between
pre- and postoperatively. EN group was the earliest one
reaching the positive nitrogen balance after operation and
with the lowest loss of body weight and there was no change
in L/M ratio after the operation (0.026±0.004) at the day 1
before operation, 0.030±0.004 at the day 5 postoperative
and 0.027±0.005 at the day 10 postoperative), but the
change in TPN group was significant at the day 5
postoperative (0.027±0.003 vs 0.038±0.009,P<0.01).

CONCLUSION: EN is a rational and effective method in
patients with hepatic dysfunction after operation and has
significant protection effect on the gut barrier.

Hu QG, Zheng QC. The influence of Enteral Nutrition in
postoperative patients with poor liver function. World J
Gastroenterol  2003; 9(4): 843-846
http://www.wjgnet.com/1007-9327/9/843.htm

INTRODUCTION
Liver is the central organ for production and utilization of
nutrients and plays a key role in metabolism. In chronic liver
disease severe protein-calorie malnutrition can seriously
damaging the capacity of liver regeneration, however

nutritional support can improve the postoperative outcome[1].
Parenteral nutrition (PN) has been used clinically[2], but its
limitations of the incomplete nutritional constituent[3], catheter-
related or endogenous complication[4], metabolic complications
and liver dysfunction restrict its use in hepatic damaged
patients[5]. In the mid 1980s, along with the recognition of the
relevance of the gut barrier and endogenous infection[6,7],
enteral nutrition (EN) has been widely used[8], but how does it
effect on poor liver function remaining unclarified.
    It is the aim of this study: (1) To investigate the safety,
rationality and feasibility in performing EN in postoperative
patients with poor liver function. (2) To study the influence of
EN on gut barrier.

MATERIALS AND METHODS

Patients and groups
According to the later Enrolled criterion, 135 patients were
enrolled and randomly divided into 3 groups: EN (n=65), TPN
(n=40) and CON (n=30) (Table 1).
     Enrolled criterion is: (1) Hospitalized adult patients from
July 1998 to October 2001 with chronic liver damage requiring
operative treatment; (2) The hepatic function was graded as
Child B or C; (3) A patience of at least 7 days’ nutritional
support after the operation; (4) Except the primary disease, no
other factors affecting the metabolism (5) With the agreement
of the patients to join the program.

Table 1  Grouping of patients

  CON (n=30)            TPN(n=40)         EN(n=65)

    Cases    Grade       Cases     Grade        Cases           Grade

               B        C                    B        C                   B          C

PVH   13        10        3        14        8         6           21          10         11
HCC     4         2         2        11        7         4           10            5           5
CLA     1         -         1          3        1         2             8            -            8
ROBD     7         3         4          7        3         4           15            5         10
CLT     3         1         2          3        2         1           10            3           7
Others     2         1         1          2         -         2             1            -           1

PVH: Portal venous hypertension; HCC: hepatocellular
carcinomar; CLA: Cholangiocarcinoma; ROBD: Reoperation of
bile duct; CLT: cholelithiasis.

Reagents used
(1) 20 % and 30 % Intralipid (Beijing, Fresenius); (2) 8.5 %
Novamin (Sino-swed Pharmaceutical Corp. LTD); (3) Nutrison
Fibre (Nutrisia); (4) manitol (Sigma); (5) lactulose (Sigma).

Procedures
Deferent Nutrition supports were used: In TPN group, 30
cal·kg-1·d-1 energy and 0.16 g·kg-1·d-1 nitrogen were given. 1/
4-1/3 nonprotein calories were provided by fat and
carbohydrate. The ratio of N: nonprotein calorie=1:168. The
source of nitrogen was Novamin (8.5 %) and the source of fat
was from Intralipid (20 % or 30 %). Essential trace elements
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and vitamins were given and the solution was given via
peripheral infusion from the day 1 after the operation and lasted
at least 7 days. In EN group, Nutrison Fibre was given. After 2
days of TPN, EN begun on the day 3 after the operation via
the jejunostomy tube placed during the operation. On the first
day, 500 ml Nutrison Fibre was given, which was increased
progressively each day till 1 500 ml/d while TPN was deceased
progressively till totally substituted. This was used given at
least for 7 days. The temperature of  Nutrison Fibre were kept
at 25-30  and infused in 12-24 h. The rate was adjusted
according to the need. In CON group, nutritional support was
not performed or performed not regularly.
     The sample preparation including: (1) urine sample: The
patient drank the test solution, containing 2 g lactulose, 1 g
mannitol in fasted condition or injected on 1 day before
operation, 5th and 10th day after the operation respectively.
Urine was collected for a total of 6 h and being added 0.1 ml
of 10 g/L thimerosal as preservative. The total volume was
recorded and 20 ml sample was stored at -20  until analysis
by the HPLC-PED; (2) blood sample: Venous blood samples
were achieved during fasting on 1 day before operation, 5th
and 10th day after operation respectively for analysis.
     Such Monitoring markers were measured: (1) Nutritional
status marker: Transferrin (TRF), Prealbumin (PAB), Total protein
(TP), Albumin (ALB), the alteration of weight (w) and
circumference of upper arm (COUA) postoperatively, and
accumulative nitrogen balances in the first 7 days after operation
(ANE); (2) Liver and kidney function, electrolytes: Total bilirubin
(TB), Direct bilirubin (DB), Albumin (ALB), Total protein (TP),
Alanine aminotransferase (ALT), Aspartate aminotransferase

(AST), Creatinine (Cr), Blood urea nitrogen(BUN), Potassium
(k+), Sodium (Na+), Calcium (Ca2+); (3) Gut barrier marker:
Urinary ratio of lactulose and Mannitol (L/M)[9,10].

Statistical analysis
The data was expressed as mean ± standard error. Experimental
results were analyzed by analysis of variance and t tests for multiple
comparisons. P<0.05 was considered statistically significant.

RESULTS
All 135 patients, except one cirrhotic patient (CON) with portal
hypertension died due to MSOF at the 26th day after operation,
all completed the treatment and were discharged. In EN group,
there were 32 patients complained for abdominal distention
and diarrhea but disappeared by adjusting the temperature and
infusion rate, given domperidone or antidiarrheal agent.

Nutritional status marker (Table 2)
In all three groups, on the 5th day postoperatively, the level of
TRF, TP, and ALB declined significantly (P<0.05), but in EN
and TPN groups, they recovered on the 10th day. Comparing
with TPN, the level of TP in EN group on the 10th day was
higher with significant difference (P<0.05). In CON group,
on the 10th day PO, the level of TRF, PAB, TP and ALB
were all significantly lower than these in EN and TPN groups
(P<0.05). The W and COUA loss in CON group were significantly
more than those in EN and TPN groups (P<0.05), and in EN
group were lower than that in TPN group. Among these, EN group
reached positive nitrogen balance the earliest (P<0.05).

Table 2  Changes of nutritional status

        Control(n=30)              TPN(n=40)        EN(n=65)
Parameters

 1st BO*           5th PO**         10th PO            1st BO             5th PO             10th PO             1st BO             5th PO            10th PO

TRF(g/L)   1.1±0.6            0.9±0.3            0.8±0.6           1.2±0.4            1.0±0.6              1.2±0.3              1.3±0.6             1.2±0.5            1.2±0.6
PAB(mg/L)  657±232          591±220            595±213         690±214          669±228            667±239            681±228            719±177          690±221
TP(g/L) 63.6±12.9        46.3±9.7            48.1±9.7         66.6±12.2        48.3±10.1          50.4±9.6            70.1±7.9            55.7±7.8          63.5±8.9
ALB(g/L) 30.8±4.9          29.2±5.9            29.1±4.8         31.4±4.9          30.8±7.1            31.8±5.0            36.5±6.1            30.7±4.0          32.9±3.9
ANE 32.4±10.8 mg·kg-1·7 d-1       105.3±9.4 mg·kg-1·7 d-1 185.3±8.4 mg·kg-1·7 d-1

W(kg)            -3.3±1.7   -2.4±1.1            -2.1±0.9
COUA 23.5±1.2     -          22.2±1.3     23.6±1.1           -              23.2±1.3             24.4±2.6                     -        23.7±2.2

BO: Before operation; PO: After operation;ANE: accumulated nitrogen banlance; W: weight change; COUA: circumference of
upper arm.

Table 3  Changes of liver and kidney function, electrolytes

         Control(n=20)              TPN(n=26)        EN(n=30)
Parameters

1st BO 5th PO         10th PO       1st BO    5th PO 10th PO            1st BO          5th PO     10th PO

TB (µmol/L)* 92.3±37.8         71.7±34.5        41.8±35.8        86.3±46.8        68.7±33.8         45.7±33.2        119.8±73.0        96.3±54.4        64.3±47.3

DB(µmol/L)* 53.3±28.6         39.2±23.3        16.5±11.7        50.4±33.7        38.4±22.6         17.7±12.3          60.8±50.2        42.8±32.7        31.9±29.2

TP(g/L)* 63.6±12.9         46.3±9.7          48.1±9.7          66.6±12.2        48.3±10.1         50.4±9.6            70.1±7.9          55.7±7.8          63.5±8.9

ALB(g/L) 30.8±4.9           29.2±5.9          29.1±4.8          31.4±4.9          30.8±7.1           31.8±5.0            36.5±6.1          30.7±4.0          32.9±3.9

AST(U/L)# 71.7±28.9         91.3±33.5        78.7±28.1        73.4±30.6        89.9±35.7         67.7±39.1          94.8±47.8      104.4±80.7        69.6±23.8

ALT(U/L)# 54.7±31.1       101.4±44.9        85.3±33.7        58.7±32.3        99.3±56.2         78.7±35.5        109.1±82.7      148.4±180         67.1±50.1

Cr(µmol/L) 72.9±28.8         82.1±23.3        69.5±37.9        73.9±35.3        80.1±22.9         67.5±33.7          77.4±16.5        80.6±24.7        77.1±19.6

BUN(mmol/L)   6.9±3.3             8.4±3.5            5.9±3.4            7.1±4.1            8.2±3.7             5.6±3.2              5.5±1.8            6.9±4.9            6.0±3.2

K(mmol/L)   3.9±0.5             5.3±1.1            3.8±0.7            3.8±0.6            4.4±0.9             4.3±1.1              4.1±0.5            4.3±0.8            4.4±0.2

Na(mmol/L) 136.5±14.7     139.3±18.3      145.8±15.4      132.7±15.9      140.3±13.7       138.8±7.3          138.3±7.1        135.3±5.7        137.0±7.4

Ca(mmol/L) 2.35±0.39         1.99±0.18        2.17±0.31        2.32±0.43        2.67±0.27         2.27±0.34          2.21±0.22        2.07±0.14        2.24±0.17

*among all 3 groups, between day 1 preopratively and day 10 postoperatively, P<0.01; # at day 10 postoperatively, the levels were
lower in EN and TPN group than in CON group, P<0.05.



Liver and kidney function, electrolytes (Table 3)
After operation, the levels of TB, DB declined significantly in
all three groups (P<0.01). Same increase could be found in
patients with hepatic lobectomy, radical operation of
Cholangiocarcinoma, severe portal hypertension and
emergency operation, but with no statistical significance. On
the 10th PO, the levels of AST and ALT were lower in EN and
TPN group than those in CON group (P<0.05), but no
difference was seen between EN and TPN group. The levels
of Cr and BUN increased in EN and TPN group on the 5th
day, but recovered on the 10th day. No electrolyte imbalance
occurred in EN and TPN group.

Gut barrier marker (Table 4)
In EN group, the L/M ratio did not chang after operation. In
TPN and CON groups, they increased on the 5th day (P<0.01)
and declined at 10th day. In both TPN and CON groups, the
difference of L/M ratio between preoperation and postoperation
was significant.

Table 4  Changes of L/M ratio

    1st BO    5th PO    10th PO

CON(n=30) 0.028±0.004 0.037±0.017 0.031±0.010

TPN(n=40) 0.027±0.003 0.038±0.009 0.030±0.006

EN(n=65) 0.026±0.004 0.030±0.004 0.027±0.005

DISCUSSION

Present status of clinical nutritional support in patients with
poor hepatic function
The liver plays a central role in nutritional homeostasis and any
liver disease can lead to abnormal nutrient metabolism with the
subsequent malnutrition. Severe protein-calorie malnutrition in
patients with advanced liver disease can seriously undermine
the capacity for liver regeneration and functional restoration.
Appropriate nutritional support is helpful to these patients.
     PN and EN are two major nutritional supports clinically.
What has been proved is that long-term TPN may aggravate
the liver damage[11]. In recent years, there have been some
advance in studies on various formulas including the branched
chain amino acid (BCAA)[13] and MCT/LCT[14] in patients with
poor hepatic function[12], but there are still some problems: (1)
How does lipid affect the nutrient metabolism; (2) What is the
rational and safe dose and the suitable percentage of lipid
supplied as the energy source[15,16]; (3) The expensive cost.
These problems impede the extensive use of PN which on long-
term use may cause atrophy of intestinal mucosa and lead to
the gut barrier dysfunction[17]. The consequent enteric bacterial
translocation would also cause endogenous infection even
multiple organ failure (MOF) and death. EN is a more
physiological, cheaper and has protection function on gut
barrier. But when using EN[18,19], the later three facts are
inevitable: (1)The gastrointestinal tract should be intact; (2)
Patient should be able to tolerate the indwelling nasogastric
tube;(3) In case of hypertonic, patient may have abdominal
distention, diarrhea, and sometimes nausea and vomiting and
enhancement of the liver burden. There had been reported on
using EN in patients with alcoholic cirrhosis and obstructive
jaundice[20,21], but in patients with worse liver function or sustain
the hepatic lobectomy, radical operation of cholangiocarcinoma,
severe portal hypertension with upper gastrointestinal
hemorrhage, the selection of nutritional support is troublesome.

Evaluation of EN and its influence on liver function
En has been proven to be an efficient nutritional support[22,23],

which is prefer to TPN. In this study, in both EN and PN groups,
the patients’ nutritional status was much better than CON
group. Compare with PN groups, in weight loss and
circumference of upper arm, EN group were much less and
the positive nitrogen balance was reached much earlier.
     Liver is the key organ in maintaining the carbohydrate, lipid
and protein metabolism and the stabilization of internal
environment. Also it is the site of biochemical pathways
responsible for production and utilization of nutrients and other
chemicals. It plays a central role in carbohydrate, lipid and
nitrogen metabolism. Therefore it is not surprising that chronic
liver disease has great metabolic impact. On the base of this,
the impact and irritated responsiveness of the operation may
aggravate the burden of liver and ultimately affect the outcome
of the patients[24-26]. On the other hand, we can suspect that if
the nutrients were absorbed via liver, the liver could utilize
the nutriment as the substrate to repair and rebuilt hepatic cell
so as to promote its recover[27]. Whether it is beneficial or
harmful, our study have performed some useful study in finding
this method for support sufficient nutriment at the same time
to avoid further liver damage in such patients.
     In 42/65 patients of Child C grade EN group, after EN, had
their levels of ALT, AST, TB and DB declined, and their Cr
and BUN did not increased. There were no signs of aggravating
damage of liver and kidney. The successful use of Nutrison
Fibre indicates that whether the BCAA is absolutely necessary
in EN needs further study.

EN can protect the gut barrier
In patients with poor liver function, infection is a familiar
complication and threat[28]. Except for the depression of cellular
immunity[29], the bacteria translocation is the most probable
reason of infection after the operation[30]. Because of the
translocation of the germ and endotoxin, the consequent
systemic inflammatory reaction and sepsis and the dysfunction
of renal, lung and cardiac system would even threaten the
patient’s life. The gut barrier plays a the major role in preventing
bacteria translocation and block the subsequent malign
reaction, which is the “trigger” of MSOF[31,32]. Keeping the
integrity of gut barrier is important to decrease the morbidity
and mortality after operation.
     In our study, the L/M probe was selected to monitor the
status of gut barrier. The result showed: the L/M ratio of
EN group was 0.026±0.004 in day 1 before the operation,
0.030±0.004 in day 5 postoperatively and 0.027±0.005 in day
10 postoperatively, the  change was not significant, but it was
markedly elevated in TPN and CON group after operation as
follow. It indicated: EN could protect the gut barrier
remarkably, the rational mechanisms were (1) The stimulation
on the bowl wall may increase the blood perfusion[33,34]; (2)
The stimulation on the bowl wall may accelerate the secretion
of pancreas and biliary duct to prevent shrinking of gut mucosa;
(3) EN supplies the substrate of intestinal mucosal cell
metabolism directly; (4) The fiber[35-38] ingredient of Nutrison
may also protect the gut barrier.

Clinical observation
In our study, we found through the upper jejunostomy tube
placed during the operation, good nutrition support and good
tolerance and good controllability are approached. The tube
can be hold for at least 4 weeks. With good nursery, it can be
kept fairly long, the longest one in our study is 94 days and no
complications occurred.
     In our study, the rate of ascites was 83.6 %, 93.3 % and
90.0 % in EN group, PN group and CON group, respectively,
till discharge, the subsidence of them were 86.6 %, 61.3 %
and 75 %. In EN group the ascites subsided earliest and liver
function recovered faster.

Hu QG et al. EN in poor liver function patients 845



     The lowest rate of fever and the shortest fever time indicated
that the risk of infection is low in EN. It is owed to the protection
of the gut barrier.
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Abstract
AIM: To determine the least invasive surgical procedure by
comparing the levels of operative stress hormones, response-
reactive protein (CRP) and rest energy expenditure (REE)
after laparoscopic (LC) and open cholecystectomy (OC).

METHODS: Twenty-six consecutive patients with
noncomplicated gallstones were randomized for LC (14) and
OC (12). Plasma concentrations of somatotropin, insulin, cortisol
and CRP were measured. The levels of REE were determined.

RESULTS: In the third postoperative day, the insulin levels
were lower compared to that before operation (P<0.05).
In the first postoperative day, the levels of somatotropin
and cortisol were higher in OC than those in LC. After
operation the parameters of somatotropin, CRP and cortisol
increased, compared to those in the preoperative period
in the all patients (P<0.05). In the all-postoperative days,
the CRP level was higher in OC than that in LC (7.46±0.02;
7.38±0.01, P<0.05). After operation the REE level all increased
in OC and LC (P<0.05). In the all-postoperative days, the
REE level was higher in OC than that in LC (1438.5±418.5;
1222.3±180.8, P<0.05).

CONCLUSION: LC results in less prominent stress response
and smaller metabolic interference compared to open
surgery. These advantages are beneficial to the restoration
of stress hormones, the nitrogen balance, and the energy
metabolism. However, LC can also induce acidemia and
pulmonary hypoperfusion because of the penumoperitonium
it uses during surgery.

Luo K, Li JS, Li LT, Wang KH, Shun JM. Operative stress response
and energy metabolism after laparoscopic cholecystectomy
compared to open surgery. World J Gastroenterol  2003; 9(4):
847-850
http://www.wjgnet.com/1007-9327/9/847.htm

INTRODUCTION
The superiority of laparoscopic cholecystectomy (LC) has
justified its universal usage in recent years. It induces less

surgical response compared to open cholecystectomy (OC). A
great many literatures had proved such an advantage[1-4].
However, there were few studies concerning the difference
between LC and OC in operative stress response and energy
metabolism. In this prospective, randomized study, we
compared the effects of LC and OC on body oxygen supply,
metabolic hormones and response-reactive protein (CRP)
levels, body energy metabolism, and acid-base balance.

MATERIALS AND METHODS

Clinical data
Twenty-six patients with uncomplicated gallstones were
recruited for the study from April 2001 to Oct. 2001. They
were randomized to undergo LC (n=14) or OC (n=12). The
two groups of patients had comparable demographic data
(Table 1). All enrolled patients were asymptotic for at least 6
weeks prior to admission without any history of abdominal
surgery. Ultrasonography was routinely performed to exclude
the common bile duct stone. The patients with  jaundice, severe
infection, or metabolic abnormities were also excluded in this
study. Anesthesia was induced and maintained using a standard
intravenous protocol in both groups. LC was undertaken by a
standard 4-trochar approach with electrocautery dissection;
pneumoperitoneum was established with carbon dioxide (CO2)
insufflation, and OC was performed via a sub-costal incision.

Table 1  Comparison of general conditions between the two
groups

Group Number       M/F  Median   Height        BW (Kg)
age (yrs)     (cm)

OC      12          3/9 45.5±12.6 161.3±7.1      61.0±3.6

LC           14          6/8 46.6±15.8 163.9±6.1      65.8±9.4

Blood samples and evaluation method
Fast venous blood was taken at 6 AM on the day prior to
surgery, and days 1 and 3 postoperatively. Samples should be
analyzed within 2 hours after stored in vitro. All hormones
were quanti ta t ively  assayed.  In  CRP assay,  rate
immunonephetometry with specific protein analyzer (BN 100
Analyzer) was adopted. Growth hormones (GH) levels were
determined by double-antibody RIA with reagents from Jiuding
Bio-medical Co. Ltd, Tianjing. Serum cortisol and insulin
analysis were both carried out by competitive RIA, using
reagents from 3V Diagnostic Technique Co. Ltd. and Chinese
Institute of Atomic Energy, respectively.
     Energy metabolism was assessed by indirect calorimeter on
the day prior to operation, and days 1 and 3 postoperatively.
During analysis, patients should be reposed, with ambient
temperature 18-26  and humidity 50-60 %. Oxygen
consumption (VO2) and CO2 production (VCO2) per unit time
were determined at first. Then, based on the indirect
calorimetery theory, REE and RQ were figured out according
to the value of VO2 and VCO2. All energy consumption
measurements were carried out using Medical Graphics Critical
Care Monitor Desktop Analysis System (Medical Graphics Co.,
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Minneapolis, MN). Artery and acid-base balance were assayed
by automatic gas analyzer.

Statistical analysis
Data were given as means and standard error of the mean. The
intergroup comparison was made using the Student’s t test.
All the statistical procedures were accomplished with SPSS 8.0.
A two-tailed P<0.05 was taken as significant.

RESULTS
Median surgical duration was not different between the LC
(50.9±8.9 min) and OC (58.5±6.3 min) group (P>0.05), while
the length of hospital stay and the time to first passage of
flatus were significantly shorter in LC than those in OC group
(Table 2).

Table 2  Postoperative intestinal transit recovery

           OC (n=12)           LC (n=14)

Time to first passage of flatus (days) 2.8±0.4 1.5±0.3a

Postoperative length of stay (days) 6.7±0.2 3.2±0.3 a

aP<0.05 vs OC.

     Insulin levels rose significantly on the 3rd postoperative
day above baseline measurements in OC group, with no
intergroup difference throughout the postoperative period. GH
levels elevated in both groups at all phases postoperatively.
However, there was a more prominent response in patients
undergoing OC. A significant intergroup difference was
detected on day 1 following operation with higher values for
OC than that for LC. Cortisol levels increased from baseline
on both of the postoperative days in the two groups, but more
remarkably in OC group. Intergroup comparison indicated
that concentrations were significantly higher in patients
undergoing OC on day 1, postoperatively. But on the 3rd
postoperative day, cortisol concentrations were comparable
in the two groups (Table 3).

Table 3  GH, Insulin, and cortisol levels before and after surgery

Prior to          1st postoperative       3rd postoperative
surgery        day       day

Insulin
   LC (n=14) 14.4±2.1   16.1±2.8 14.6±2.5
   OC (n=12) 17.9±2.1   17.2±3.4 12.3±0.9b

GH
   LC   1.0±0.2     2.7±1.0ab   1.5±0.5b

   OC   1.8±0.4     5.4±2.5b   2.2±0.9
Cortisol
   LC 0.46±0.01   0.56±0.11ab 0.74±0.05b

   OC 0.71±0.15   1.12±0.25 b 0.89±0.02b

aP<0.05, vs OC bP<0.05, vs the preoperative period.

     In OC groups, REE levels raised 165.3Kcal from baseline
on day 1 postoperatively. The difference was significant. But
on the 3rd postoperative day, it was 57.3Kcal higher than
baseline only (not significant). A similar pattern was seen in
the patients undergoing LC, and there was a marked increase
(60.1Kcal) on day 1 but not on day 3. On both of the
postoperative days, REE levels were significantly higher in
OC than those in LC group. RQ fell significantly from baseline
on the 1st postoperative day in both groups. There was a
significant elevation of CRP concentrations from baseline

levels in both groups. However, in patients undergoing OC,
the increase was more remarkable. CRP levels were
significantly higher in OC than those in LC group on both of
the postoperative days (Table 4).

Table 4  REE, RQ, and CRP levels before and after surgery

    Prior to        1st postoperative     3rd postoperative
    surgery                    day  day

REE

   LC (n=14) 1162.2±159.6  1222.3±180.8ab         1152.8±150.2a

   OC (n=12) 1273.2±304.8  1438.5±418.5b         1330.5±353.8

RQ

   LC     0.87±0.10      0.78±0.06b             0.85±0.09

   OC     0.88±0.12      0.78±0.04b             0.84±0.08

CRP

   LC     8.00±0.01    15.10±2.47ab           34.44±7.88ab

   OC   12.37±3.55    64.50±15.20b           94.25±13.43b

aP<0.05, vs OC bP<0.05, vs the preoperative period.

    Artery oxygen pressure did not change remarkably after
surgery in OC group, while it declined significantly on the
1st postoperative day in the LC group and returned to
preoperative levels on the 3rd day. Oxygen saturation (SO2)
in blood fell significantly on the 1st postoperative day in both
groups. On the 3rd day, it was much higher in LC than that
in OC group. There was no significant change of PCO2 in
both groups after surgery. (Table 5) On the 3rd postoperative
day, HCO3- level and BE rose significantly in LC group,
and BE was significantly higher in LC than that in OC group.
PH was significantly lower in LC than that in OC group on
the 1st postoperative day (Table 6).

Table 5  Artery PO2, PCO2 and SO2 before and after surgery

  Prior to       1st postoperative       3rd postoperative
  surgery        day                   day

PO2
   LC (n=14)   87.7±4.0     75.9±3.2b              80.94±4.3
   OC (n=12)   80.2±2.2     86.5±9.2              79.81±0.6
PCO2
   LC 36.79±1.19   37.09±1.64              34.48±1.75
   OC 35.01±1.76   31.83±2.63              37.96±1.88
SO2
   LC   96.4±0.40     94.6±0.86b                95.4±0.40a

   OC   95.4±0.40   92.73±1.70b                94.0±0.67

aP<0.05, vs OC bP<0.05, vs the preoperative period.

Table 6  REE, RQ, and CRP levels before and after surgery

   Prior to       1st postoperative       3rd postoperative
   surgery        day                   day

REE
   LC (n=14)   22.5±0.61     21.7±0.61          22.15±0.83
   OC (n=12) 21.02±0.58   20.32±2.1            24.8±0.72b

RQ
   LC -1.77±0.48    -2.85±0.46           -1.77±0.78a

   OC -1.66±0.54    -2.17±1.38             1.23±0.65b

CRP
   LC   7.40±0.006   7.387±0.008a             7.43±0.008b

   OC   7.42±0.013     7.46±0.022             7.44±0.018

aP<0.05, vs OC bP<0.05, vs the preoperative period.



DISCUSSION
Laparoscopic cholecystectomy is becoming the choice of
surgery for uncomplicated cholelithiasis because it had induced
less tissue trauma response throughout the course of wound
healing compared to open cholecystectomy. Surgery stimulates
a series of hormonal and metabolic changes that constitute the
stress response. Surgery also induces neurohormonal events
that include activation of sympathetic nervous system and
stimulation of hypothalamic-pituitary -adrenal axis initially.
Then the adrenal cortex is activated, promoting the release of
neurohormonal transmitters that would influence the intensity
of postoperative pain and duration of postoperative ileus[5-7].
ACTH, catecholamine, cortisol, and glucagon all played crucial
roles in the mediation of stress response. In response to sepsis
and trauma, massive catecholamine, cortisol, and glucagons
are released, while serum insulin concentrations decrease
relatively, and decrease of insulin levels is in correlation with
the severity of the sepsis and trauma[8-12]. In the present study,
we found a marked decrease of insulin levels from baseline in
OC group on the 3rd postoperative day, while the intergroup
different was not significant on either 1st or 3rd postoperative
day. GH and cortisol levels increased from baseline in both
groups on the 1st and 3rd postoperative day, and there was a
more marked increase in OC group. On the 1st postoperative
day GH and cortisol concentrations were both higher in OC
than those in LC group.
      The cytokines and CRP were objective markers of operative
stress response as well as the mediators of host immunologic
reaction. Derived from immune system or other tissues, TNF,
IL-1 and IL-6 were the major mediators of the acute-phase
response[13-15]. In a recent study, Bruce and coworkers[16]

examined the changes of CRP, IL-1 Ra, IL-6, and TNF-a in
LC and OC patients after surgery. A marked and persistent
raise of IL-6 levels was detected from 8 hours to 7 days
postoperatively in OC group, while the concentrations of CRP
and albumin were comparable in the two groups. IL-1ra levels
were significantly raised as early as 4 hours following incision
in OC group, compared to LC group. IL-6 levels rose
significantly and early (1 hour) in both groups, but there was a
more prominent and prolonged response in patients undergoing
OC. Significant intergroup difference of IL-6 levels was present
as early as 8 hours following incision[17-21]. In our study, we
found that CRP levels rose significantly from baseline on both
day 1 and day 3 after surgery in the two groups, but more
prominently in OC group.
      In response to the surgical trauma, the body usually presents
with a hyper-metabolic state. Such a state is directly linked to
the activation of sympathetic nervous system, the increase of
oxygen and energy consumption, the negative nitrogen balance,
and the synthesis of CRP. All surgical traumas will induce
neuroendocrine activation and protein catabolism, and the
nitrogen excretion is therefore increased (mainly as BUN,
sometimes as SCr)[22,23]. The amount of the increased nitrogen
excretion was determined by the extent of stress, which is
proportional to the intensity of injury response. Thus, the degree
of metabolic restoration could be acquired using systemic
nitrogen balance measurements[8]. To our knowledge, this
study is the first to assess the effect of mini-invasive surgery
on body REE consumption. In the study, we observed the
perioperative changes of REE levels of LC and OC groups
using indirect calorimeter. As the result, REE increased
significantly (165.3 Kcal) from baseline in the 1st
postoperative day in OC group, while on the 3rd day the
elevation was not significant (57.3 Kcal). The LC group also
revealed marked increase (60.1 Kcal) in the 1st postoperative
day, but not in the 3rd day. The intergroup difference of REE
levels was significant (with higher levels in OC group) at all
phases postoperatively. RQ decreased significantly on the 1st

postoperative day in both groups. Thus, our study revealed
that LC was less invasive and induced less host stress response
and metabolic disturbance compared with traditional OC and
it therefore might be more beneficial to the restoration of
nitrogen balance and metabolism.
      During LC, pneumoperitoneum is induced by insufflation
of carbon dioxide, which may be accompanied with disturbance
of acid-base balance and pulmonary perfusion[24-27]. Open
surgery, on the other hand, usually results in pulmonary
dysfunction. Previous studies have shown that on the 1st
postoperative day, FVC and FEV1 decreased 40-70 % in patients
undergoing OC, compared to 20-40 % in patients undergoing
LC. There are possibly two explanations for this. One is that
postoperative wound pain often causes shallow respiration,
which may lead to small bronchiole closure, the pulmonary blood
shunt, and hence the hyponoxia. Increased oxygen consumption
after surgery may be another explanation[28-31]. In this study, we
observed that artery oxygen consumption fell significantly from
baseline on day 1 and restored to preoperative levels on the
day 3 postoperatively in LC patients, with no significant
reduction in OC patients. SO2 decreased significantly on the
1st postoperative day on both groups, and on the 3rd
postoperative day it was higher in LC group than in OC group.
Penumoperitonium could explain the reduced oxygen supply
at early postoperative phases in LC patients. However, the
influence of wound pain on respiration is more pronounced
and permanent OC than in LC patients, this may be the reason
why the intergroup difference is significant on the 3rd
postoperative day. HCO3 and BE raised significantly from
baseline in OC group on the 3rd postoperative day, and BE
was significantly higher in LC group than that in OC group on
the day. PH levels were much lower in LC group than those in
OC group on the 1st postoperative day. This is possibly because
of the postoperative acidemia elicited by the retention of CO2
during pneumoperitonium. Much attention should be paid to
this change during LC.
     In conclusion, LC results in less prominent stress response
and metabolic interference compared to open surgery. These
advantages are beneficial to the restoration of stress hormones,
the nitrogen balance, and the energy metabolism. However,
LC can also induce acidemia and pulmonary hypoperfusion
because of the penumoperitonium it uses during surgery.
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Abstract
AIM: To carry out a comparative study on ultrastructure
and molecular biological changes of chronic gastritis (CG),
gastric cancer (GC) aand gastric precancerous lesions.

METHODS: By the use of histochemical staining, SEM with
EDAX, TEM with EDAX, image analysis technique, RIA and
chemiluminescence method, gastric mucosa of 168 patients
were synchronously analyzed in morphology, trace
elements, DNA, cAMP, SOD, 3H-TdR LCT and serum LPO
were also done.

RESULTS: The incidence of epithelial nucleoplasmic ratio
>1, lobulated nuclei, inter-chromatin aggregation of
granules, nucleolar hypertrophy, and the content of DNA,
Zn, Cu in nuclei and serum LPO of each group were showed
as belows: normal control group (0.0, 0.0, 6.7, 0.0, 12.6±2.7,
7.6±0.4, 58.4±0.3, 2.6±0.6), CSG group (5.7, 2.9, 7.4, 2.9,
15.2±3.1, 8.1±0.5, 58.9±0.5, 4.2±0.7), CAG group (31.3,
29.7, 45.3, 42.2, 16.5±3.1, 8.6±0.4, 59.3±0.5, 4.5±0.6), CA
group (100.0, 100.0, 72.2, 50.0, 30.7±8.2, 8.8±0.3, 59.5±0.4,
6.8±1.6), ATP++group (61.5, 38.5, 23.1, 38.5, 23.5±8.9,
8.3±0.4, 59.1±0.4, 5.1±1.2), IM+++ ATP++group (77.8, 55.5,
33.3, 44.4, 25.1±7.2, 8.4±0.5, 59.5±0.4, 6.5±1.1),
IM++++ATP++ group (100.0, 100.0, 75.0, 62.5, 28.5±9.1,
8.9±0.5, 59.7±0.4, 7.6±0.7), IMIIb group (100.0, 62.5, 75.0,
50.0, 27.3±10.3, 8.6±0.3, 59.5±0.4, 6.1±0.9); whereas the
content of Zn, Cu in mitochondria and cAMP, SOD in gastric
mucosa, and 3H-TdR LCT of each group were showen as
belows: normal control group (9.2±0.5, 58.3±0.3, 15.9±1.5,
170.5±6.1, 1079.7±227.4), CSG group (8.6±0.5, 57.8±0.3,
14.6±1.8, 163.3±5.6, 867.3±240.5), CAG group (8.3±0.4,
57.5±0.3, 13.4±1.8, 161.2±4.3, 800.9±221.8), CA group
(8.9±0.4, 57.1±0.3, 10.2±3.9, 152.2±3.8, 325.7±186.8),
ATP++ group (9.1±0.4, 57.0±0.3, 12.4±1.8, 161.5±3.8,
642.9±174.3), IM+++  ATP++ group (8.6±0.4, 56.9±0.3,
12.0±2.3, 152.2±2.5, 326.3±160.3), IM++++ATP++ group
(8.5±0.3, 56.8±0.2, 10.4±0.9, 147.4±2.6, 316.1±170.7),
IMIIb group (8.6±0.3, 56.9±0.3, 11.9±1.9, 150.0±2.8,
318.9±145.8), there were significant differences between
groups (P<0.05-0.01).

CONCLUSION: There was a significant difference between
CG and GC in their ultrastructure and molecular biology.
Only on the condition of changes of internal environment
in combination with the harmful effect of external

environment, chronic atrophic gastritis can then develop
into gastric cancer. Hence it might have similar epithelial
cell ultrastructure and molecular biological changes in
ATP++, IMIIb and cancer, hence there were similar patterns
of occurrence, development and transformation.
Recognition of this trend might help to explore problems
of prevention and cure.

Yin GY, Zhang WN, Shen XJ, Chen Y, He XF. Ultrastructure and
molecular biological changes of chronic gastritis, gastric cancer
and gastric precancerous lesions: a comparative study. World J
Gastroenterol  2003; 9(4): 851-857
http://www.wjgnet.com/1007-9327/9/851.htm

INTRODUCTION
We conducted histochemical staining, detection of cAMP, SOD
and DNA of gastric mucosa of 168 patients with chronic
gastritis (CG) or gastric cancer (GC); SEM and TEM with
EDAX were used to synchronously determine ultrastructures
and trace elements and image analysis technique was used to
determine nuclear DNA. 3H-TdR LCT and serum LPO were
also cared out. Following was the comparative study.

MATERIALS AND METHODS

Materials
168 patients definitely diagnosed as suffering from CSG, CAG
and GC were our subjects of study. According to “The
standards for the classification of chronic gastritis, for
gastrofiberscopic diagnosis and for histopathological diagnosis
of atrophic gastritis”, gastric mucosa tissue slices underwent
HE staining and ABPH2.5/PAS, Hid/ABPH2.5 and HiD/ABPH2.5

histochemical staining. ATP was classified into low-grade,
middle-grade and heavy-grade and IM into IM Ia, IM Ib, IM IIa,
IM IIb. 68 cases were definitely diagnosed as CSG, including
43 males, 25 females, average age 43 years, average course of
disease 4a, 26 cases without IM or ATP; 31 cases with
concomitant or solitary IM-19 cases low-grade, 10 cases
middle-grade and 2 cases heavy-grade; 9 cases with solitary
ATP-8 cases low-grade, 1 case middle-grade; 2 cases with IM
and concomitant ATP, IM and ATP were both middle-grade.
64 cases were definitely diagnosed as CAG, including 37 males,
27 females, average age 47 years average course of disease
6a, 3 cases without IM or ATP; 39 cases with concomitant
solitary IM (17 cases low-grade, 4 cases middle-grade and 18
cases heavy-grade); 8 cases with solitary ATP (2 cases low-
grade, 6 cases middle-grade.) 14 cases with IM concomitant
ATP (12 cases middle-grade IM, 2 cases heavy-grade IM, 8
cases low-grade ATP, 6 cases middle-grade ATP). 36 cases
were definitely diagnosed as GC, including 22 males, 14
females, average age 52 years, average course of disease, 2a,
all with IM or ATP. 12 cases with solitary IM (6 cases low-
grade, 3 cases middle-grade, 3 cases heavy-grade); 7 cases
with solitary ATP (1 case low-grade, 6 cases middle-grade);
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17 cases with IM concomitant ATP (5 cases middle-grade IM,
12 cases heavy-grade IM; 7 cases low-grade ATP, 9 cases
middle-grade ATP, 1 case heavy-grade ATP). Of the 45 healthy
volunteers who underwent gastroscopy and biopsy, 15 cases
had basically normal gastric mucosa tissues, including 6 males
9 females, average age 37, and they were referred to as normal
control (NC) group.

Methods
Under gastroscopy, three pieces of gastric mucosa were taken
from the focal and nonfocal areas in antral region and body of
stomach as specimens for section preparation, SEM, TEM,
detection of DNA, cAMP and SOD. Blood was taken for 3H-
TdRLCT and LPO. For the observation of gastric mucosa
ultrastracture and determination of its trace elements[1-4], 501B
SEM with 9100/60 EDAX was used to observe the three pieces
of specimens of each patient, under the direct vision of SEM,
the EDAX probe automatically detected the samples within
0.1-0.01 mm2 range all the elements under 12 in atomic number
and automatically calculated the weight percentage (WT%) of
each element in element series. 15 points were fixed in the
three pieces of mucosa of every patient to carry out 15
detections, and the average WT% of each element was taken
as its actual WT%. In every detection, 21 elements such as
Na, Mg, Al, Si, P, S, K, Ca, Fe, Cu, Zn, Ti, Cr etc were detected,
and weight percentage (WT%) of each element between
elements of gastric mucosa was calculated.
     By using EM430 TEM with 9100/60 EDAX, three pieces
of mucosa specimens of every patient were magnified in unison
by five magnifying powers (3 600, 7 200, 14 000, 19 000,
29 000) to randomly take the pictures of the panoramagram,
local area and organelle and to detect the atomic number
percentage (AT%) of each nuclear and mitochondrial element
between trace elements[5-10]. After gastric mucosa cell smear
was stained by Feulgen staining, IBAS 2000 image analysis
technique was adopted to detect IOD, which is taken as the
relative content of nuclear DNA[7,8]. RIA was adopted to detect
the  con ten t  o f  gas t r ic  mucosa  cAMP (Pmol /g ) ;
chemiluminescence method was adopted to detect the activity
of SOD (u/g)[4]. 3H-TdRLCT. (Bq/L whole blood) was carried
out; thiobarbituric acid development process was adopted to
detect serum LPO (u mol/L)[4].

Statistical method
χ2 and t test.

RESULTS

Histopathology of gastric mucosa
Between NC group. CSG group. CAG group and CA group,
there were significant differences in the incidence rate and
degree of different types of IM and ATP in glands propria of
gastric mucosa (P<0.05-0.001, Table 1). The surface of
normal gastric mucosa was isolated by crisscross small groves
into many lesser gastric areas, assuming convolution shape
(Figure 1). In these areas, there were many gastric pits (the
mouths of gastric glands), which were shaped like craters.
The concave walls had round or oval epithelial cells of almost
the same size. In CSG gastric mucosa there were scattered
denatured, diabrotic and necrotic exfoliated epithelical cells,
on whose surface S-shape Helicobacter pylori (HP) were
found (Figure 2). Massive epithelial cells became diabrotic,
anabrotic and exfoliated forming micro ulcers. The ulcers
spred out from their centers, with adjacent cells crushed,
destructed in irregular shapes and arrangement. In CSG
gastric mucosa, cyst was found accidentally (Figure 3), the
epithelial cells of crater walls were atrophic and denatured,

of different sizes and deranged; the cells became diabrotic
and necrotic and had inflammatory cell infiltration and the
glands propria of the serious cases were shaped like grid
framework structure (Figure 4). The surfaces of the epithelial
calls of IM gastric mucosa were thickly coated, villi were
invisible and the intercellular boundaries were not clear
(Figure 5). SEM was not able to definitely indentify gastric
mucosa ATP, but only able to distinguish whether cells were
hyperplastic or not. Degeneration, hyperplasia or cellular
regeneration occured in gastric mucosa. The hyperplastic cells
are of different sizes and states and the active memberanes
were shaped like lesser tubercles (Figure 6, 7). The cells of
gastric cancer were different sizes and shapes, deranged,
characterized by obvious heteromorphic nature, conglobated
and shaped like grapes or cauliflower. There were nearby or
basal infiltration, destruction and ulceration of cancer cells,
which have developed into ulcers.

Figure 1  Convolution shape of mucosa surface. ×320.

Figure 2  Degeneration, diabrosis, necrosis and exfoliation of
gastric mucosa epithelial cells. ×640.

Figure 3  Cysts of gastric mucosa. ×64.



Figure 4  Atrophic and denatured glands propria in grid frame-
work structure. ×320.

Figure 5  The surface of IM cells is thickly coated, intercellular
boundaries are not clear. ×1 250.

Figure 6  The hyperplastic cells are of different sizes and states,
the active membranes are shaped like lesser tubercles. ×320.

Figure 7  The hyperplastic cells are of different sizes and states,
the active membranes are shaped like lesser tubercles. ×640.

Figure 8   The cells of gastric cancer are conglobated and shaped
like grapes. ×320.

Figure 9   There is an increase in inter chromatinic grandules
densification, nucleolar grandules become thick nucleoli ex-
pand with irregular margins. ×14 000.

Figure 10  Nucleolar margination. ×7 200.

Figure 11  Multi nucleoli. ×14 000.
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Figure 12  Nucleolar division. ×14 000.

Figure 13  Intranuclear inclusion. ×14 000.

Figure 14  The densification of inter chromatinic grandules.
×14 000.

The ultrastructure of gastric mucosa epithelial cells
The mucous cells on epithelial cell surface of relatively normal
gastric mucosa were columna epithelial cells covering
endogastric surfaces and inside wall of gastric pit. Their free
surfaces had short micro villi; the mucous neck cells were
distributed over the necks of gastric glands, and on the tops of
these cells were a few short thick micro villi. Chief cells were
distributed over the bodies and bottoms of gastric glands;
parietal cells were big and conic and their conical tops turned
towards gland cavities; the endocrine cells lied between chief
cells and parietal cells and they were small, and their nuclei are
round or oval, the nuclei envelopes are slightly bent, lobulated
nuclei were few, the nucleocyotoplasmic ratio was less than 1.
     The nuclear chromatins were scattered, or associated with
nucleoli or along nuclear perimeters. The light bright zones
between heterochromatins in the nucleoli are euchromatins;
the nucleoli had high electron density without capsule.

Mitochondria were round or oval, scattering around nuclei.
The mitochondria consisted of outer membrane, inner
membrane, outer ventricle, inner ventricle and cristae. Crista,
the inward folded inner membrane, was a hollow canal leading
to outer ventricle. Some mitochondrial cristae directly led to
cytoplasms. Cristae were generally in tabular arrangement,
parallel to each other and vertical to mitochondrial long axes.
In cytoplasms were many parallel rough surfaced endoplasmic
reticuluas (RERs), secretory granules, well-developed Golgi’s
bodies and scattered mitochondria. The free surfaces of
epithelial cells of CG gastric mucosa had dropped micro villi;
the intercellular space expanded and cell conjuctions decreased;
the karyoplasmic ratio of both ill-differentiated epithelial cells
and IM cells was greater than 1, and lobulated nuclei increased;
nucleolar granules became thick and nucleoli expanded with
irregular margins (Figure 9).
    There occured nucleolar margination (Figure 10),
multinucleoli (Figure 11) and nucleolar division (Figure 12).
The obsolescent epithelial nuclei shrank and the karyoplasmic
ratio was still less; the heterochromatins lied densely around
nuclei; the electron density was low in the center of nuclei and
nuclei were loop in shape. (referred to as chromatin
margination); the shrunk nuclei were denticular, in which the
electron density was moderately homogeneous and chromatins
were not found (referred to as chromatin homogenization).
There were mitochondrial swelling, hypertrophy, pyknosis,
hyaline degeneration as well as vacuolar degeneration. The
deformed mitochrondrias were in C-shape or U-shape. There
were zigzag, longitudinal, sparse and pyknosis cristae, and
deranged cristas. There was an decrease in the number of
mitochondrias and their cristae. There were mitochondrial
decreases in number, mitochondrial swelling, or crista
fragmentation, vacuolar degeneration, and RERs in circular
arrangement; the Golgi’s bodies become atrophic and had lost
their typical structures; the cytoplasmic incretory granules
decreased. There were still greater epithelial cell changes in
cancer cells of gastric cancer than in cells of gastric mucosa of
chronic gastritis, intranuclear inclusion appeared (Figure 13).
There was an increase in peri-chromatinic and interchromatinic
granular densification (Figure 14). In euchromatins; there was
a significant difference between CSG group and CAG group
in nucleolar margination and nucleolar looping (P<0.05-0.001,
Table 2, 3); between IM IIb group, ATP++ group, IM+++ATP++

group and IM++++ATP++ group, compared with NC group, CSG
group and CAG group, the difference was also significant
(P<0.05-0.001, Table 2, 3). There is no significant difference
between IM++++ATP++ group, IM IIb group and CA group
(P>0.05, Table 2, 3).

The biochemical assay in gastric mucosa and serum
The content of nuclear Zn and Cu increased progressively in
the sequence of NC group, CSG group, CAG group and CA
group; the content of mitochondrial Zn and Cu decreased
progressively in the same sequence. There was significant
differences between these groups (P<0.05-0.001, Table 4). The
content of Zn, Cu, cAMP and SOD in gastric mucosa decreased
progressively in the same sequence; the content of DNA
increased progressively in the above sequence. There were
significant differences between these groups (P<0.05-0.001,
Table 5). The content of 3H-TdRLCT decreased in the sequence
of NC group, CSG group, CAG group and CA group; content
of serum LPO increased in the same sequence; there was
significant difference between these groups (P<0.05-0.001,
Table 6). Between IMIIb group, ATP++ group, IM+++ATP++ group
and IM++++ATP++ group, NC group, CSG group and CAG group,
there was also significant difference (P<0.05-0.001, Table 4, 5,
6). Between IM++++ATP++ group, IM IIb group and CA group,
There was no significant difference (P>0.05, Table 4, 5, 6).
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Table 1  Comparison between classification of IM and grading of ATP in CG and GC gastric mucosa n (%)

                     IM classification    Grading of ATP
Groups       n

   Ia                         Ib                       IIa                     IIb                ATP+
            ATP++

           IM+++ATP+
        IM+++ATP++

        IM++++ATP+
        IM++++ATP++

        IM++++ATP+++

NC     15      2(13.3)       1(6.7)

CSG     68    16(23.5)       8(11.8)       6(8.8)         3(4.4)         8(11.8)      1(1.5)     2(2.9)

CAG     64    16(25.0)b    11(17.2)b   13(20.3)d     13(20.3)d       2(3.1)d          6(9.4)d          7(10.9)     5(7.8)c 1(1.5) 1(1.6)

CA     36     4(11.1)      9(25.0)c     16(44.4)df     1(2.8)d    6(16.7)d         3(8.3)     2(5.6)c 4(11.1)f 7(19.4) f 1(2.8)

Either Solitary IM or IM with concomitant ATP in CSG, CAG or CA is included in IM classification statistically, compared with NC
group. aP<0.05, bP<0.01; compared with CSG group. cP<0.05, dP<0.01; compared with CAG group. eP<0.05, fP<0.01. In table 2-6, the
marks are the same as here.

Table 2  The ultrastructures of epithelial nuclei of gastric mucosa in CG and GC n (%)

Appearce        Chromatin         Nucleons
Group n

Nucleoplasmic  Nucleus Margination or  Perinuclcar Hypertrophy or
      ratio >1 lobulated   homogeneity concentrated     margination            looping

NC 15        1(6.7)      1(6.7)

CSG 68        5(5.7)    2(2.9)        7(10.3)      5(7.4)           2(2.9)             2( 2.9)

CAG 64        20(1.3)d    19(9.7)d        33(51.6)bd      29(45.3)bd         27(42.2)d             14(21.9)

CA 36        36(00.0)bf    36(00.0)bf        17(47.2)d      26(72.2)bdf         18(50.0)d             17(47.2)df

IMIIb   8        8(100.0)b    5(62.5) h        5(62.5)b      6(75.0)b         4(50.0)             3(37.5)

ATP++ 13        8(61.5)hi    5(38.5) hj        4(30.8)bgj       3(23.1)bhj         5(38.5)             1(7.7)hj

IM+++ATP++   9        7(77.8)hhik    5(55.5) hk        3(33.3)bgj       3(33.3)bhj         4(44.4)             3(33.3)l

IM++++ATP++   8        8(100.0)ln    8(100.0)jkm        5(62.5)bkm       6(75.0)blm         5(62.5) lm             3(37.5)l

Compared with CA group, gP<0.05, hP<0.01, Compared with IMIIb group, iP<0.05, jP<0.01, Compared with ATP++ group, kP<0.05,
lP<0.01. Compared with IM++ +ATP++ group, mP<0.05, nP<0.01. In table 3-6, the marks are the same as here.

Table 3  Mitochondria utrastructures of gastric mucosa epithelial cells in CG and GC (x±s)

Group n  Number          Swelling or        Matrix       Vacuolar Pyknosis   Crista Fragmentation
         Ovegrowth (%)     fading (%) degeneration (%)     (%)  number          and derangement

    of cristas(%)

NC 15 86.5±27.3   3.4±1.6          3.0±1.1          2.9±1.9 1.1±0.8 12.8±3.2         2.2±1.1

CSG 68 65.4±21.1b   7.2±3.8b          7.8±5.0b          6.4±4.5b 1.9±0.9b   8.2±3.2b         5.8±3.1b

CAG 64 52.2±20.8bd 10.9±4.5bd        11.7±8.6bd        11.6±7.7bd 3.7±1.1bd   6.9±3.5bc         8.9±3.7bd

CA 36 38.8±31.5bde 12.9±4.2bde        15.6±5.4bdf        14.6±5.8bde 3.9±0.6bd   8.1±1.9bde       10.5±2.7bde

IMIIb   8 36.8±30.8b 13.8±3.2b        14.1±4.3b        12.5±3.9b 3.3±0.8bg   9.3±2.1b         7.6±1.1bh

ATP++ 13 49.1±27.9b 11.3±2.9b          8.3±3.5bh          9.3±4.7b 1.9±0.5bhj 11.3±1.8hi         5.2±1.2bhj

IM+++ATP++   9 41.3±30.8b 12.8±2.1b        12.1±2.8bg        11.2±3.7b 2.3±0.3bhjk 11.0±1.5ahi         6.2±1.3bhi

IM++++ATP++   8 35.4±31.5b 13.3±4.3b        15.2±5.3bl        12.8±4.3b 3.9±0.5bbln   8.4±2.1bln         8.6±1.0bhln

Table 5  Gastric mucosa Zn, Cu, DNA, cAMP and SOD in CG and GC (x±s)

Group n         Zn (WT%)            Cu(WT%)             DNA(IOD)        cAMP(pmol/g)              SOD(u/g)

NC 15 4.1±1.0 5.2±0.8 12.6±2.7 15.9±1.5 170.5±6.1

CSG 68 2.8±1.9b 4.0±1.5a 15.2±3.1b 14.6±1.8b 163.3±5.6b

CAG 64 2.0±1.8bc 3.4±1.5bd 16.5±3.1bc 13.4±1.8bc 161.2±4.3bc

 CA 36 1.5±1.2bde 2.8±0.9bde 30.7±8.2bdf 10.2±3.9bdf 152.2±3.8bdf

IMIIb   8 1.7±0.9b 3.5±0.9b 27.3±10.3b 11.9±1.9b 150.0±2.8b

 TP++ 13 2.7±1.3bhi 4.4±0.9ahi 23.5±8.9bg 12.4±1.8 bg 161.5±3.8aj

 IM+++ ATP++   9 2.3±1.5b 4.1±0.9bh 25.1±7.2b 12.0±2.3b 152.2±2.5bl

IM++++ATP++   8 1.5±0.8bkm 2.9±0.8bhin 28.5±9.1b 10.4±0.8bil 147.4±2.6bhln
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Table 4  Nuclear and mitochondriaL Zn, Cu of gastric mucosa
in CG and GC (x±s)

       Nuclear         Mitochondria
Group  n

        Zn (AT%)  Cu(AT%)       Zn (AT%)       Cu(AT%)

NC 15      7.6±0.4          58.4±0.3          9.2±0.5           58.3±0.3

CSG 68      8.1±0.5b             58.9±0.5b       8.6±0.5b          57.8±0.3b

CAG 64      8.6±0.4bd       59.3±0.5bd       8.3±0.4bd        57.5±0.3bd

CA 36      8.8±0.3bde      59.5±0.4bde      8.9±0.4bde       57.1±0.3bde

IMIIb   8      8.6±0.3b   59.5±0.4b         8.6±0.3b          56.9±0.3b

ATP++ 13      8.3±0.4bhi      59.1±0.4bhi       9.1±0.4i           57.0±0.3b

IM+++ ATP++   9      8.4±0.5bg       59.5±0.4bk       8.6±0.4bl         56.9±0.3b

IM++++ATP++   8      8.9±0.5bl        59.7±0.4b        8.5±0.3bgl        56.8±0.2bh

Table 6  LPO and 3H-TdRLCT  of CG and GC (x±s)

Group  n LPO(umol/L) 3H-TdRLCT(Bq/L)

NC 15       2.6±0.6       1079.7±227.4
CSG 68       4.2±0.7b       867.3±240.5b

CAG 64       4.5±0.6bc       800.9±221.8bc

CA 36       6.8±1.6bdf       325.7±186.8bdf

IMIIb   8       6.1±0.9b       318.9±145.8b

ATP++ 13       5.1±1.2bhi       642.9±174.3bhj

IM+++ ATP++   9       6.5±1.1b       326.3±160.6bk

IM++++ATP++   8       7.6±0.7bgjlm       316.1±170.7bl

DISCUSSION
Chronic gastritis, CAG in particular, is generally acknowledged
as precancer ous state. However, not all CAGs are likely to
develop into gastric cancer because there is significant
difference between chronic gastritis and gastric cancer in the
ultrastructure and molecular biology of gastric mucosa. In the
grading and classification of IM, grading of ATP of gastric
mucosa, incidence rate of epithelial karyoplasmic ratio >1,
incidence rate of perichromatinic granular densification and
of nucleolar hypertrophy, the number of mitochondria and
cristae as well as the incidence rate of mitochondrial
deqeneration; as well as in the quantitative changes of nuclear
DNA, Zn, Cu, cAMP, SOD and serum LPO and 3H-TdRLCT,
there were significant differences between NC group, CSG
group, CAG group, CA group, IM IIb group, ATP++ group,
IM+++ATP++ group and IM++++ATP++ group (P<0.05-0.0001);
There was no significant difference between IM++++ATP++

group, IM IIb group and CA group (P>0.05). There are similar
epithelial ultrastructures and molecular biochemical changes
in ATP++, IM IIb and CA. Consequently they should have
similar law of occurrence, development and transformation,
which might contribute to the exploration of prevention and
treatment of the disease.
    Clinically, only a few chronic gastritis patients’ gastric
mucosa epithelial cells are likely to develop into cancer cells,
but it is essential that there should be a process which causes
genetic variation of cells, the key of which is the quantitative
changes of epithelial nuclear DNA. The DNA molecular is
coded with nucleotide sequence fragments of special genetic
codes, every fragment is a functional group, referred to as gene.
The gene order has great stability. Only when intracellular
cAMP declines, cytodifferentiation is disturbed.The
metabolism of Zn, Cu in the body is disturbed, which in turn
disturbs the enzyme system and inhibits the synthesis and
activity of SOD; because of the NADPH oxidation reduction
circulation and the catalytic function of xanthine oxidase, a
great deal of oxygen free radicals are produced far beyond the

cleaning ability of SOD. The excessive accumulated oxygen
free radicals react in lipid peroxidation with unsaturated fatty
acid of inner and outer membranes of mitochondria, producing
LPO. Thus level of serum LPO rises. The inner and outer
membranes of mitochondria are destructed, causing decrease
and derangement of mitochondrial cristae, mitochondrial
degeneration decrease of adenosine triphosphate production,
and inadequate energy supply of gastric mucosa epithelial cells.
When nuclei take up more Zn and Cu, the protein synthesis is
enhaneed nuclear division and hyperplasia are accelerated;
through influencing lymphocyte metabolism, the quantitative
changes of Zn and cAMP in turn inhibit lymphocyte
transformation and result in the decline of 3H-TdRLCT level
and immunity of the organism. The above changes of
intraorganism environment, only if stimulated by certain
external causes such as ionizaing radiation, chemical injuries,
infection S-shape HP and virus, are likely to cause the change
of sequences in gene group, which is referred to as gene
mutation; and genetic codes change accordingly, the changed
codes are transferred to heterogenous cell descendants, causing
cellular differentiation disturbance and even cancerous change.
Human body is an integrity organism, in which the components
of tissue and cell, and the bioactive substances including trace
elements, enzymes, hormones, immunity and messenger
substances exist with a definite content and a definite
quantitative ratio. It’s important to measure the “absolute”
content of each bioactive substance, but it’s more important to
measure quantitative ratio of each bioactive substance because
it can explain the trends and laws of variation of the whole
body and inner circumstance[9,10]. These ratios in normal body
keep in a state of dynamic balance within a definite range. If
this balance is broken, pathological phenomena and functional
disturbance will arise. The ratio fluctuation of bioactive
substances higher or lower than normal value, can lead to a
series of ratio variation, and then cause both a definite disease
diagnosed by modern medicine and clinical expression of
Chinese medical syndrome (a synthesis of symptoms without
peculiarity). The composite nature of Chinese medicine treats
disease through adjusting the above mentioned pathological
ratio is one of it’s therapeutic mechanisms. This is why Chinese
medicines have multilevel, multitarget, two-way adjusting
effects on human body, and how the medicines regulate
pathological ratio. It’s a slow process for Chinese medicines
to regulate pathological ratio, so It’s  therapeutic effect is slow
too. Measuring the “quantitative ratio” of a series of bioactive
substances not only will be the research direction of medical
science and biological science, but also the research kernel of
the basic theory of traditional Chinese medicine[11-13].
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Abstract
AIM: To investigate the incidence of neuroendocrine (NE)
cells and their hormone products in adenocarcinomas and
evaluate their significance in clinical pathology and prognosis.

METHODS: By using tissue sectioning and immunocyto-
chemistry, 356 cases of adenocarcinomas were studied to
examine the presence of chromorgranin and polypeptide
hormones in adenocarcinoma samples from our hospital.

RESULTS: The positive rate of NE cells and hormone products
was 41.5 % (54/130) and 59.3 % (32/54), respectively in
large intestinal adenocarcinoma cases; 39.6 % (38/96) and
36.8 % (14/38), respectively in gastric cancer cases; 38.1 %
(8/21) and 50.0 % (4/8), respectively in prostatic cancer
cases; 21.0 % (17/81) and 17.6 % (3/17), respectively in
breasr cancer cases; 17.9 % (5/28) and 60.0 % (3/5),
respectively in pancreatic cancer cases. Among carcinomas
of large intestine, pancreas and breast, the highly
differentiated NE cell numbers were higher than the poorly
differentiated NE cell numbers; while the gastric carcinoma
cases had more poorly differentiated NE cells than highly
differentiated NE cells. The higher detection rate of NE cells
and their hormone products, the higher 5-year survival rate
among the large intestine cancer cases.

CONCLUSION: Close correlation was observed between
NE cells and their hormone products with the cancer
differentiations. For colorectal carcinomas, there is a close
correlation of the presence of NE cells and their hormone
products with the tumor staging and prognosis.

Yao GY, Zhou JL, Lai MD, Chen XQ, Chen PH. Neuroendocrine
markers in adenocarcinomas: an investigation of 356 cases.
World J Gastroenterol  2003; 9(4): 858-861
http://www.wjgnet.com/1007-9327/9/858.htm

INTRODUCTION
Compared with neuroendocrine cancers, little investigation is
carried out on the relationship of neuroendocrine cells and their
hormone products in non- neuroendocrine cancers, especially
in the common adenocarcinoma cases. By using nine different
antibodies and immunocytochemistry, NE cells and their
hormone products in 356 adenocarcinamas was observed with
the aim of revealing the incidence and distribution of NE cells

and the correlation between the cancer differentiation with the
biological behaviors was evaluated.

MATERIALS AND METHODS

Materials
All the 365 adenocarcima samples were got from the first
affiliated hospital of Zhejiang University Medical College from
1975 to 1994. There were 96 cases of gastric cancer samples
(31 samples were got from the clinical biopsy; 65 samples
were got from radical operation and 22 samples had lymph
nodes metastasis); there were 130 case of large intestine cancer
samples got from radical operations (110 cases had the follow-
up data); there were 81 and 28 case of breast and panereatic
cancer, respectively. The remaining 21 samples were got from
prostatic cancer biopsy.

Methods
All the samples were fixed with 10 % formaldehyde with
paraffin embedding and continuous sectioning at 4 µM in
thickness. Gross pathological observation was made on the
HE stain slides followed by immunocytochemistry. All the
samples were treated with anti-chromogranin serum fot the
primary screening positive cases. Further immunocytochemistry
was carried out for those positive NE samples by using peptide
hormone antibodies such as ST (diluted at 1:10 000, provided
by the 4th Military Medical Academy) and other Dako’s
antibodies (somatostatin diluted at 1:300; glucagon diluted at
1:800; pancreatic polypeptide diluted at 1:800; gastrin diluted
at 1:350; insulin diluted at 1:150; ACTH diluted at 1:800 and
calcitonin diluted at 1:150). The immunostains were done by
ABC method and coloured with AEC. The antiserum of
serotonin and gastrin was used in the gastric mucosa; the
pancreas tissue was used to detect the chromogranin,
somatostatin, glucagon, insulin and pancreatic polypeptide;
calcitonin antiserum was used in the medullary carcinoma of
the thyroid gland while ACTH in the pituitary was used as the
positive control. The negative control was carried out by using
normal sheep serum to replace the 1st antibody. Based on the
chromoganin positive NE cell numbers, all the samples were
divided into three grades as the following. Negative: there was
no NE cells; Positive(+): the number of NE cells was fewer
than 5/mm2; Super positive (++): the number of NE cells was
over 5/mm2.

Statistical analysis
The date were analysed by χ2 test.

RESULTS

Morphology of NE cells and their incidence
Among the five common adenocarcinomas from different
tissue sources, the incidence rate was 41.5 % (54/130) for the
large intestinal carcinomas; 39.6 % (38/96) for the gastric
carcinoma; 38.1 % (8/21) for the prostatic carcinoma; 21.0 %
(17/81) for the breast cancer and 17.9 % (5/28) for the
pancreatic cancers, respectively. The highest incidence was



seen in large intestinal carcinomas while the lowest in the
pancreatic carcinomas. When observing the chromoganin
stained slides, clear edges of NE cells and brownish granules
could be seen in the cytoplasm under the microscopy. In the
low differentiated carcinomas, the NE cells presented as an
oval, round or irregular shape without polarizations. Abnormal
structural characteristics were observed among these low
differentiated NE cells, which was similar to the adjacent tumor
cells; while for those highly differentiated carcinomas, the NE
cells were pyramid or bar shaped with the apex pointing to the
cavity of the gland. A few NE cell processes could be observed
reaching the gland cavity surfaces. The distribution of NE cells
were scattered or localized infiltrating all the layers with the
cancer cells. NE cells could be seen in both of the primary
carcinoma and the metastasis sites.

Relationship between NE cells and carcinoma differentiation
No exact correlation between NE cells and carcinoma
differentiation was observed among different carcinomas. The
highly differentiated NE cell incidences were 41.7 % (5/12)
for the large intestinal carcinomas, 42.9 % (3/7) for the pancreas
carcinomas and 32.5 % (14/43) for the breast cancers, which
was much higher than that of the low differentiated carcinomas.
Prostatic carcinomas had the same tendency but there was no
statistical significance due to fewer case numbers. In the low
differentiated gastric carcinomas, 50 % (27/54) had the positive
NE cells, which was significantly higher than that of the highly
differentiated carcinomas.

Distribution of hormone products of NE cells in tumors
From Table 1, the number of hormone products types was more
in large intestinal and gastric carcinomas (5 types of hormone
products); hormone products detected in breast cancers were
the fewest (only three in 17 cases). Most of them were the
tumor origin tissue hormones, but few of them were ecotopic
hormones.

Relationship between positive cell of hormone products  and
tumor differentiation
In the large intestinal carcinomas, 9 cases were low
differentiated carcinomas whose positive cell percentage of
hormone products against the total NE cells was 27.0 %, which
was obviously lower than that in high differentiated carcinomas
(15 cases with the percentage of 43.9 %) (χ2=115.9, P<0.01);
It was also the same in the highly differentiated large intestinal
carcinomas whose percentage was lower than that in the normal
mucus membrane (10 cases with the percentage of 83.1 %)
(χ2=212.3, P<0.01) and the mucus membranes adjacent to the
tumors (25 cases with the percentage of 88.7 %) (χ2=168.8,
P<0.01). The gastric carcinoma had the similar results: the
positive cell percentage of hormone products against the total

NE cells was 17.5 %. But in the positive cells of hormone
products from 5 gastric sinus mucus membranes, the positive
cell percentage of hormone products against the total NE cells
was 78.6 % (χ2=1611.8, P<0.01); the samples adjacent to the
gastric sinus areas had the obviously higher percentage (46.6 %,
χ2=266.4, P<0.01). Significant difference was also observed
between the percentage of the adjacent mucus membrane
tissues of the tumors and the normal mucus membranes
(χ2=242.0, P<0.01).

Ecotopic hormones and tumor differentiation
Except for the pancreatic carcinomas, ecotopic hormones were
revealed in other four types of the adenocarcinomas. One of
the large intestinal carcinomas cases showed gastrin positive;
Six gastric carcinoma cases showed ACTH positive; Two
prostatic cancer cases were glucagons positive; One breast
cancer case was somatostain positive while another breast
cancer case was calcitonin positive. Except for the large
intestinal and gastric carcinomas, all the other nine cases were
low differentiated carcinomas among the ecotopic hormone
carcinomas.

NE cells and tumor differentiation
Observed in large intestinal carcinomas, Dukes A stage
accounted for 41.7 % of the NE cell (++) cases (12 cases),
which was much higher than that in NE(-) group (19.7 %,76
cases). (χ2=4.668, P<0.05). Among the 110 cases with
following-up, the 5-year survival rate was 81.8 % in NE cell
(++) group, which was obviously higher than that in the NE
(+) group (45.7 %, 35 cases) (χ2=4.000, P<0.05) and in NE
cell (-) group (42.2 %, 64 cases) (χ2=4.397, P<0.05).
    Among the 32 hormone products positive cases with
polypeptide hormones (PH), Dukes A stage cases accounted
for 44.1 %, which was higher than that of NE cell positive
cases with hormone products negative (36.1 %), yet no statistical
difference was found between the two groups (χ2=0.351,
P>0.05). In hormone products (+) group (17 cases), the 5-year
survival rate was 70.6 %, which was higher than that of hormone
products (-) group (37.9 %, 29 cases) (χ2=4.148, P<0.05).

DISCUSSION
The commonly used staining methods for revealing NE cells
include silver staining, neuron-specific enolase (NSE),
s y n a p t o p h y s i n  ( S Y )  an d  c h r o m o r g r a n i n  ( C G )
immunocytochemistry. Silver staining is the traditional staining
method with less specificity and sensitivity. Although NSE,
CG and SY are all the common markers, NSE has poor
specificity with distributions in different tissues but is localized
in the cytoplasm. CG is distributed in neuroendocrine granules.
Both CG and SY are good markers and corresponding to

Table 1  Distribution of hormone productions of NE cells in tumors

Type NE Positive Serotonin Somatostatin Glucagon P P Gastrin Calcitonin        ACTH
     Case Case (%) Case (%) Case (%) Case (%) Case (%) Case (%)          Case (%)

Colorectal       54 30(55.6) 14(25.9) 11(20.4) 5(9.3) 1(1.9) 0 0
carcinomas
Gastric       38 5(13.2) 5(13.2) 5(13.2) 0 3(7.9) 0 6(15.8)
carcinomas
Pancreatic         5 1(20.0) 0 1(20.0) 2(40.0) 0 0 0
Carcinomas
Breast       17 1(5.9) 1(5.9) 0 0 0 1(5.9) 0
Carcinomas
Prostatic        8 4(50.0) 0 2(25.0) 0 0 0 0
Carcinomas
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respective subcellular structures. CG is a specific matrix
component of endocrine granules[1-3]. While SY is localized
within small capsule membranes related to the secretion
granules, whose specificity and sensitivity are less than those
of CG. That’s why CG is considered as a realistic marker for
NE cells[4-8]. Studies have confirmed that CG could be served
as a new way of revealing NE cells and for the diagnosis of
NE tumors[9].
      Our study demonstrated that NE cell numbers were closely
correlated to the tumor differentiation in large intestinal,
pancreatic, breast and prostatic carcinomas[10]. The higher
differentiated tumors had the higher incidence of the NE
cells[8]. That was contradicted to our gastric carcinoma
observations, but corresponding to the publication reports[11].
Further studies are needed to be conducted to reveal these
differences to see if they are related to the embryology, etiology
and tissue development of the tumors.
      No serial report were seen about the hormone products of
NE cells from the common adenocarcinomas. We observed 5
types of adenocarcinomas and found out that large intestinal
and gastric carcinomas had the higher hormone products in
their NE cells; but in the gastric and highly differentiated
carcinomas, they had lower hormone products in NE cell than
those of poor differentiated carcinomas. The hormone products
were more in the large intestinal and gastric carcinomas than
those in normal mucus membranes and tissues adjacent to the
carcinomas. Neoplastic NE cells had lower hormone products
and they were decreased with anaplasia which may be due to
the fact that these cells were in immature state with lower
hormone synthesis. Thus, the amount of hormone products in
NE cells of the carcinomas can serve as an index for the
determination of tumor differentiation and the diagnosis of
benign and malignant tumors[12-15].
     Based on the study of the large intestinal carcinomas, we
found that hormone products and distribution of NE cells were
closely correlated to the tumor grade, clinical pathological stage
of the tumor and prognosis of the patients[16-23]. Carcinomas
with NE (++) releasing PH were the early stage carcinomas.
The higher 5-year survival rate may be due to the somatostatin’s
inhibition of the tumors[24-29]. Zollinger-Ellison syndrome was
reported in some gastric carcinoid cases[30-32], but our study
only revealed there were only different hormone products but
without sign and symptoms of Zollinger-Ellison syndrome as
well as other hormone signs and symptoms, which may be the
fact that the hormone products produced by NE cells were not
enough in the inactivated form or inactivated by the liver
enzymes. Further study is required to examine whether these
hormone products participate in the immune regulations of
the tumor or the hormone products exert the direct effects on
the tumor development and growth.
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Abstract
AIM: Primary neoplasmas of the jejunum and ileum are
infrequent and lack specif ic manifestations and
inaccessibility of conventional endoscopy, so the diagnosis
of these tumors are usually delayed. So far the data of
primary jejunoileal neoplasmas is still scarce, especially in
Chinese medical literature in English. There may be some
differences among the Chinese and the westerners in
jejunoileal neoplasmas.

METHODS: A retrospective analysis was made on clinical
findings and pathological types.

RESULTS: Of the 60 patients with jejunal or ileal
neoplasmas, the most frequent symptom was abdominal
pain (57 %), followed by tarry stool (43 %) and hematochezia
(10 %). Abdominal mass (40 %) was the most common
finding on physical examination, followed by anemia and
weight loss (35 %). 67 % of the jejunoileal neoplasms were
located in the jejunum. Among the malignant neoplasmas
(68 %), malignant stroma (47 %) was most common, while
the benign stromoma (20 %) was the most common benign
neoplasmas. Preoperatively, 40 patients (67 %) were
diagnosed as small bowel neoplasmas, of which 34 were
found by enteroclysis. Abdominal mass was shown by CT in
18 cases and by ultrasonography in 13. The mean duration
of symptoms before diagnosis was 7 months. In 41 patients
with malignant tumors, the duration of symptoms before
diagnosis exceeded 12 months in 21 cases, lymphatic or
distant metastases were found in 26 (63 %)cases during
operation. An emergency laparotomy was performed in 4
patients (7 %) owing to intestinal obstruction or perforation.

CONCLUSION: Primary jejunoileal neoplasmas in Chinese
present some difference from Westerners on clinical features
and histopathologic types. Enteroclysis remains the major
relevant diagnostic procedure in this study, the misdiagnotic
rate is high preoperatively due to failure of detection by
conventional imaging procedures such as CT and
inaccessibility of routine endoscopy. For the suspected
patients, combined application of aforementioned procedures
may facilitate early diagnosis. The wireless capsule
endoscopy may improve the diagnostic rate of jejunoileal
neoplasmas in the future.

Yang YS, Huang QY, Wang WF, Sun G, Peng LH. Primary
jejunoileal neoplasmas: a review of 60 cases. World J
Gastroenterol  2003; 9(4): 862-864
http://www.wjgnet.com/1007-9327/9/862.htm

INTRODUCTION
Primary neoplasmas of jejunum and ileum, benign or
malignant, are infrequent. Clinical manifestations of jejunoileal
neoplasmas are nonspecific and the neoplasma-related
symptoms occur late, moreover, such neoplasms are beyond
the scope of conventional gastroscopy or colonoscopy. The
rarity, nonspecific and inaccessibility make them liable to be
overlooked, with delayed or erroneous diagnosis[1], and are
responsible for high mortality rates. So far the data on small
bowel cancers are scarce[2]. To our knowledge, there may be
some differences between the Chinese and the Westerner in
jejunoileal neoplasmas. Herein we reported a series of
consecutive cases of primary jejunal and ileal neoplasmas in
our hospital over the past 8 years, and analyzed their clinical
manifestations, pathologic types and diagnostic process.

MATERIALS AND METHODS
Cases of primary jejunal and ileal neoplasmas from January
1993 to August 2001 were retrieved through the inpatient
computer registry system of PLA General Hospital, Beijing.
The medical records were reviewed by the authors. Cases of
duodenal and metastatic small bowel tumors were excluded.
A total of 60 cases of primary jejunal and ileal neoplasmas
were collected. All cases underwent surgery and were
confirmed by histopathology.

RESULTS

Demographic features
There were 42 males (70 %) and 18 females (30 %) with an
average age of 48 years (16-77 years). The majority (51 %) of
patients were over 50 years of age.

Clinical manifestations
Symptoms, signs and complications were listed in the following
Table 1. Abdominal pain and tarry stool were the most common
symptoms in both benign and malignant jejunoileal tumors.
Abdominal mass and anemia were common findings on physical
examination in both benign and malignant neoplasmas, while
the weight loss was frequent in malignant ones. Complications
at presentation such as intestinal obstruction and perforation were
more common in malignant tumors.

Table 1  Clinical manifestations of 60 cases of jejunoileal tumors

       Benign (n)    Malignant (n)         Total

Symptoms
Abdominal pain 8 26       34 (57%)
Tarry stool 9 17       26 (43%)
Hematochezia 2   4         6 (10%)
Signs
Abdominal mass 9 15       24 (40%)
Anemia 6 15       21 (35%)
Weight loss 1 20       21 (35%)
Complications
Intestinal obstruction 2   5         7 (12%)
Intestinal perforation 0   1              1



Histopathology and sites of distribution
Histopathology and sites of distribution of jejunoileal
neoplasmas were summarized in Table 2. Of the 60 cases, 40
(67 %) were located in the jejunum, and 20 (33 %) in the ileum.
Malignant tumors (n=41, 68 %) was nearly twice that of the
benign ones (n=19, 32 %). Benign and malignant stromoma
were predominant histological entities.

Table 2  Histopathology and distribution sites of 60 cases of
jejunal and ileal tumors

Tumor types          Jejunum       Ileum     Total

Benign         14 (23.3%)      5 (8.3%)         19 ( 32%)
Stromoma   8            4   12 (20%)
Adenoma   2            0   2  (3.3%)
Angioleiomyoma   2            0   2  (3.3%)
Lipoma   0            1   1  (1.7%)
Lymphangioma   1            0   1  (1.7%)
Neurofibroma   1            0   1  (1.7%)
Malignant          26 (43%)    15 (25%) 41 ( 68%)
Malignant stromoma 17         11   28 (46.7%)
Adenocarcinoma   7            1   8  (13.3%)
Non-Hodgkin’s lymphoma   0            2   2  (3.3%)
Carcinoid   0            1   1  (1.7%)
Neuroendocrine carcinoma   1   1  (1.7%)
Malignant histiocytosis   1            0   1  (1.7%)
Total          40(67%) 20(33%)   60 (100%)

Diagnostic procedures
Before operation, small intestinal diseases were suspected in
73 % (44/60) on admission. There were 40/60 patients (67 %)
correctly diagnosed preoperatively. Among the 40 patients,
34 jejunoileal neoplasmas were correctly diagnosed by
enteroclysis. Other preoperative diagnoses were made by
angiography, colonoscopy, CT and Ultrasonography.
Angiography was performed in 5 cases, of which 4 (80 %) of
them were discovered preoperatively. One case of lymphoma
of terminal ileum was detected by colonoscopy, and one jejunal
tumor was diagnosed by CT scan only.
      Of the 60 patients, 56 underwent CT scan, abdominal masses
or intestinal wall thickening were visualized in 18 (32 %) cases,
but two of them were misinterpreted as ovarian cancer, one as
renal  l ipoma and one as in test inal  tuberculos is .
Ultrasonography was carried out in all 60 patients, and solid
abdominal masses were demonstrated in 13 (22 %).
      20 patients remained obscure diagnosis preoperatively, final
diagnoses were disclosed during laparotomy. The mean
duration of symptoms before diagnosis was 7 months. In 41
patients with malignant neoplasms, the duration of symptoms
exceeded 12 months in 21 (52 %) cases.

Surgical findings
Of the 60 patients, three cases of intestinal obstruction and one
case of intestinal perforation underwent emergency laparotomy
(7 %). The rest underwent selective laparotomy (93%).
    Of the 41 of malignant tumors, the masses within the
intestinal walls were found in 15 without metastases; local
lymph node metastasis in 12, distant and mesenteric lymph
node metastasis in 9, liver metastases in 4 and urinary bladder
metastasis in 1, the total rate of metastases was 63 % among
the malignant tumors. lymph node metastasis was commonest
in 51 % of malignant tumors.

DISCUSSION
Primary neoplasmas of jejunum and ileum are only <2 % of

the gastrointestinal malignant tumors, the incidence was 1.4
per 100 000 compared to 35.7/100 000 for colorectal and
92.9/100 000 for breast cancer[2,3]. The jejunoileal neoplasmas
are preponderant in male with a ratio of 2:1 between male and
female[3,4]. Our result showed 70 % in male and 30 % in female,
similar to that reported in the literature. The patients with
jejunoileal tumors were usually eld people with an average
age of over 50 years[1-5], in this article, 51 % were over 50 years.
      The small bowel neoplasmas located in the jejunum usually
more frequent than that in ileal. In our results, the jejunal
neoplasmas were twice as many as the ileal ones, higher than
that reported in the literature[4]; but the ratio of malignant and
benign in small bowel tumors was concordant with those in
the literature[7]. As to  the histopathologic types, the commonest
pathologies of jejunoileal tumors were lymphoma,
a d e n o c a r c i n o m a  a n d  c a r c i n o i d s ,  f o l l o w e d  b y
leiomyosarcomas, neuroendocrine tumors and other entities
in Western countries[1-7], which were significantly different
from those in our study, in which the benign and malignant
stromoma was  predominant. In addition, some very rare tumors
were seen in our investigation including angioleiomyoma,
lymphangioma and malignant histiocytosis etc. The above
results indicated that there were some differences between the
Chinese and the Westerners in the pathologic types of
jejunoileal tumors.
     The clinical manifestations of jejunoileal neoplasmas were
nonspecific and symptoms usually occurred late. The
abdominal pain, gastrointestinal bleeding and weight loss were
most frequent complaints in our patients and as well as in the
other reports[4-6], followed by nausea and/or vomiting[4,6].
Abdominal mass and anemia were the most common physical
findings in our study and related literatures[4,6], followed by
abdominal distension, muscle guarding and rigidity[4]. The
diagnosis of small bowel neoplasmas was often made when
symptoms presented several months late, the median duration
of symptoms before diagnosis was 7 months in our study, 3.6
and 6 months in others[4,6]. The metastasises of jejunoileal
neoplasms were common as they were usually identified late,
the metastatic rate of leiomyosarcoma ranged from 24 % to
50 %, with the liver being most frequently involved[5], distant
metastasis occurred in 27 %[2]. In our study, metastasis was
found in 63 % of the malignant tumors, lymph node metastasis
was the commonest (51 %) similar to that reported in the
literature[4], followed by liver metastases in 10 % of cases.
     The preoperative diagnosis of primary jejunoileal neoplasmas
remains difficult for clinicians owing to the nonspecific
symptomatic presentation. The enteroclysis, enteroscopy and
imaging methods have been used generally for small bowel
diseases. Radiographic study of small bowel malignant tumors
showed abnormality in 87 %[4]. In our study, 34 cases of
jejunoileal neoplasmas were diagnosed by enteroclysis. Both
ultrasonography (US) and CT are also useful for detection of
small bowel tumours. CT was found to detect leiomyoma and
leiomyosarcoma most successfully and had the additional
advantage of locating metastatic lesions[5]. Moreover, CT
offered the possibility of a preoperative staging by evaluating
tumour extension through the bowel wall, involvement of
lymph node and possible metastases[8]. Other preoperative
diagnoses were made through angiography, colonoscopy, CT
and Ultrasonography. Angiography was performed in 5 cases,
of which 4 (80 %) of small intestinal neoplasmas were
discovered preoperatively. A case of lymphoma of terminal
ileum was detected by colonoscopy, and one case of jejunum
tumor was diagnosed by CT scan only.
      Of the 60 patients, 56 underwent CT scan, abdominal masses
or intestinal wall thickening were visualized in 18 (32 %), but
two cases were misinterpreted as ovarian cancer, one as renal
lipoma and one as intestinal tuberculosis. Ultrasonography was
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carried out in all 60 patients, and the solid abdominal masses
were demonstrated in 13 cases (22 %).
      Final diagnoses were disclosed during laparotomy for those
20 patients whose diagnoses remained obscure preoperatively.
The mean duration of symptoms before diagnosis was 7
months. In 41 patients with malignant neoplasms, the duration
of symptoms exceeded 12 months in 21 cases (52 %).
    Jejunum and ileum are difficult to visualize directly.
Colonoscopy with retrograde ileoscopy is useful in the
diagnosis of neoplasm of the terminal ileum[4]. Enteroscopy is
capable of observing most of the small intestine[5], but it is hard
for the patients to endure. Small bowel enteroclysis is still a
good choice for the detection of jejunoileal neoplasms[6], albeit
a third of cases of this series may be missed in the examination.
Angiography is carried out in only a small proportion of
patients, though it is relatively sensitive, especially for those
lesions with abundant vascularity, the expense and invasive
property limit its application[7]. Spiral CT is thought to be
comparatively accurate in detecting small bowel tumors[8],
however its diagnostic accuracy is poor in this series with
possible misinterpretations, probably due to lack of experience
of some radiologists in this field. Despite the interference by
intestinal gas, ultrasonography proves to be helpful in a fifth
of cases to demonstrate thickened intestinal wall or unsuspected
mass. Wireless capsule endoscopy is optimal for those patients
without intestinal obstruction when it is available. Laparotomy
is justified in those suspected cases as a last resort.
     Thanks to a variety of investigations, the correct diagnosis
is reached in the majority of patients before operation, though
the delay between the onset of symptoms and the final diagnosis

is often significant. As a result, more than 60 % of patients
with malignant tumors has advanced beyond the early stage
of neoplasm. Recognition of this entity, with high index of
suspicion, rational application of aforementioned investigation
procedures, the advent of capsule endoscopy and justified early
laparotomy, may facilitate the diagnosis and improve the
outcome.
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Abstract
AIM: To evaluate of scoring system in predicting
choledocholithiasis in selective intraoperative cholangiography
(IOC) during laparoscopic cholecystectomy  (LC).

METHODS:  The  scor ing sys tem o f  pred i ct ing
choledocholithiasis was developed during the retrospective
study in 264 cases, and was tested in 184 to evaluate its
predictive value in choledocholithiasis.

RESULTS: The scoring system was developed in a
retrospective study of 264 cases, the statistical analyses
showed the predictive factors included sex, transaminase
levels, alkaline phosphatase level, bilirubin level, and
common bile duct diameter on ultrasonography. The scoring
system was used in 184 cases prospectively, of which, 3 of
162 (1.9 %) cases scoring <3 had choledocholithiasis, 17 of
22 (77.3 %) cases scores≥3 had choledocholithiasis. A case
of scores≥3 or more prospectively should be considered
highly intraoperative cholangiography during laparoscopic
cholecystectomy.

CONCLUSION: The scoring system can predict
choledocholithiasis and is helpful in selection patietns for
intraoperative cholangiography.

Sun XD, Cai XY, Li JD, Cai XJ, Mu YP, Wu JM. Prospective study
of scoring system in selective intraoperative cholangiography
during laparoscopic cholecystectomy. World J Gastroenterol
2003; 9(4): 865-867
http://www.wjgnet.com/1007-9327/9/865.htm

INTRODUCTION
Laparoscopic cholecystectomy (LC) has been extensively
accepted since Mouret first successfully finished the procedure
in 1987[1]. Whether intraoperative cholangiogram (IOC) during
LC should be applied routinely is still controversial. Thus, we
develop a scoring system to predict choledocholithiasis and
recommend selection of  IOC during LC.

MATERIALS AND METHODS
Retrospective study
Two hundred sixty-four cases of LC from January 1996 to June

1999 were analyzed. Before operation, choledocholithiasis
in cases with cholecystolithiasis was not discovered by
ultrasonography (US). During operation, 54 cases of
cholecystolithiasis with choledocholithiasis and 210 cases of
cholecystolithiasis without choledocholithiasis were confirmed
by IOC. Sex, age, history of pancreatitis, jaundice, transaminase
levels, alkaline phosphatase level, bilirubin level and diameter
of common bile duct (CBD) on ultrasonography were evaluated
as predictors of choledocholithiasis, and scoring system of
selective IOC was designed.

Prospective study
From January 2000 to June 2001, the scoring system was
carried out prospectively in 184 patients undergoing LC.
Following evaluation, LC and IOC were performed, then the
correlation of scoring results with choledocholithiasis was
studied.

RESULTS
No choledocholithiasis in 264 patients undergoing LC was
discovered by ultrasonography prior to operation. During LC,
IOC found choledocholithiasis in 54 patients (Table 1).

Table 1  Factors predicting choledocholithiasis in 264 patients

             No of cases with     No of cases without
Factor            choledocholithiasis   choledocholithiasis      Percentage       P

  (54 cases)        (210 cases)                (%)

Sex

Male         27             40 40        <0.05

Female         27           170 14

Age

<55ys         34           112 23

55ys         20             98 17        <0.05

Pancreatitis

Present         15             30 33        >0.05

Absent         39           180 18

Jaundice

Present         10             22 31        >0.05

Absent         44           188 19

Transaminase

Normal         31           201 13

Elevated         23               9 72        <0.05

Alkaline phosphatase

Normal         36           189 16

Elevated         18             21 46        <0.05

Bilirubin

Normal         31           205 13

Elevated         23                5 82        <0.05

CBD diameter on US

8 mm         33           204 14

>8 mm         21                6 78        <0.05



     Multivariate analysis found that independent predictors of
choledocholithiasis included sex, serum level of transaminase,
alkaline phosphatase, and bilirubin, and CBD diameter on US.
Therefore, the scoring system in regression analysis was
established (Table 2).

Table 2  Scoring system of predicting choledocholithiasis

Factor Criteria  Score

Sex Female      0

Male      1

Transaminase Normal      0

Elevated      2

Alkaline phosphatase Normal      0

Elevated      2

Bilirubin Normal      0

Elevated      3

CBD diameter on US 8 mm      0

>8 mm      3

Total    11

     The scoring system was used in 184 patients undergoing
LC before operation. During LC, all of the patients were
performed IOC(Table 3).

Table 3  Results of scores in 184 patients before LC

Score

       0      1     2     3     4     5     6     7     8     9     10    11

No of patients    107    49     6     3     1     2     1     3     2     2       2      6

     During LC, choledocholithiasis was found in 20 patients
by IOC, the relationship between scores and choledocholithiasis
was showed in Table 4.

Table 4  Relationship between scoring results and choledoch-
olithiasis in 184 patients undergoing LC

Score No of patients with No of patients without      Percentage
choledocholithiasis    choledocholithiasis

<3   3 159             1.9

3a 17     5           77.3

aP<0.05 vs score of less than 3.

      A significant difference in predicting value scoring 3 or more
and that of less than 3 was found according to the χ2 test. Thus,
evaluation of LC patient with scoring system preoperatively
would be helpful in predicting choledocholithiasis. If patient
were scored more than 3, IOC should be performed during LC.

DISCUSSION
With the popularization of laparoscope, the age of micro-
traumatic surgery has come and great changes have occurred in
surgical operation and surgical ideology[2]. Gallstone is one of
the common primary diseases of biliary tract. LC has become a
conventional method to treat patient with symptomatic
gallstones. IOC is one of the accurate and safe procedure used
in LC, is helpful in finding abnormality of pancreaticobiliary
tract[3], avoiding common bile duct injury[4-8], and detecting
choledocholithiasis[9-11], thus, some recommended a routine IOC
during LC[4,5,12]. Because majority of gallstones patients do not
have choledocholithiasis, IOC will increase the patient’s cost

and exposure to X-ray, however, some researches found that
the value of IOC were limited[13-15], it is unnecessary to perform
a routine IOC during LC. However, there are still 10-15 % of
cholecystolithiasis patients who have choledocholithiasis[16].
Preoperative ERCP and IOC may be helpful to find
choledocholithiasis[17-20].
     Mahmud suggested that, some gallstones might slip into
the cystic duct or the common bile duct during LC, and IOC
is valuable of determing the choledocholithiasis, ERCP and
EST were regarded as effective methods detecting
choledocholithiasis[21]. Edye retrospectively analyzed 31
patients with choledocholithiasis treated by EST, and ERCP
showed completely cleared common bile duct, but IOC during
subsequent LC revealed common duct residual stones in 8 of
these 31 patients. The author suggested that even after
presumed endoscopic clearance of the bile duct stone, many
patients (26 %) still harbored stones in common bile duct at
the time of cholecystectomy. Therefore IOC during LC was
recommended even after successful ERCP[22]. Some studies
revealed that preoperative ultrasound is neither sensitive nor
specific for detecting common bile duct dilatation or the
presence of residual stones[23]. Some studies assessed the use
of endoscopic retrograde cholangiopancreatography (ERCP),
IOC, intraoperative laparoscopic ultrasonography (IOUS)[24-27].
Bege manifested that combined endoscopic and laparoscopic
management of cholecystolithiasis and choledocholithiasis
were a viable option and were optimized by endoscopic
ultraosonography[28]. The combined procedures of endoscopic
sphincterotomy and LC included one-stage treatment of
cholelithiasis and choledocholithiasis, elimination of potential
return to the operating room when postoperative ERCP were
unsuccessful[29,30]. Ichihara concluded that intraoperative real
time cholangiograms were helpful in detecting bile duct injuries
or anomalies, and unsuspected bile duct stones[31].
     We recommend that IOC during LC should be performed
selectively. Digital C-arm can provide real-time imaging and
obtain a clear cholangiogram easily. The protocol of selective
IOC is still debatable. Snow analyzed the results of 2034 LC,
and found that there were no false negative, bile duct injuries,
or other complications attributable to routine IOC or selective
IOC, and suggested that selective IOC were an effective method
of verifying suspected choledocholithiasis and were safer and
less expensive than routine IOC[32]. Abboud performed a meta-
analysis of published data to evaluate preoperative indicators
of choledocholithiasis, which included cholangitis, jaundice,
dilated CBD on ultrasound, hyperbilirubinemia, elevated levels
of alkaline phosphatase, pancreatitis, cholecystitis, and
hyperamylasemia. The results showed that these predictors
could be applied as guidelines for whether to investigate for
duct stones before cholecystectomy[33]. Kim also suggested
selective IOC, and the risk levels of the presence of
choledocholithiasis were determined by the independent
predictor including preoperative clinical, biochemical and
sonographic variables[34]. However, Koo reviewed 420 cases
of elective LC, IOC was routinely performed and acted as the
reference standard for the presence of choledocholithiasis, and
found that there were no predictive tests that could sufficiently
increase an observer’s probability estimate of the presence or
absence of choledocholithiasis to allow for “selective” IOC
decisions[35].
     By logistic regression analysis, our studies showed that sex,
transaminase levels, alkaline phosphatase level, bilirubin level
and common bile duct diameter on ultrasonography were
independent predictors of choledocholithiasis. A scoring
system was therefore designed with a total score of 11. Our
prospective studies also showed that patients scoring more than
3 were at significant risk to have choledocholithiasis, and IOC
should be performed during LC.
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Abstract
AIM: To review the experience on the use of endoscopic
nasopancreatic drainage (ENPD) in the treatment of severe
acute pancreatitis (SAP).

METHODS: Since March 1998, under the regular
management of SAP with non-operative method, ENPD has
been randomly used in 14 patients. The average age of the
patients was 41.3±15.9 (years), with 8 males and 6 females.
The time from onset to admission was 32.9±22.8 (hours). 8
cases were found to have gallbladder stone. The daily output
of pancreatic fluid was measured. The body temperature,
heart rate, WBC count, blood glucose, blood calcium, PaO2,
blood and urine levels of amylase were detected on the fifth
day and compared with their respective data on the first day.
Therapeutic results and hospitalization times were recorded.

RESULTS: The time of drainage was 7.3±4.0 days. The daily
drainage outputs of the first five days were 236.4±176.6,
287.1±164.7, 284.6±216.4, 435.0±357.8 and 377.8±223.8 ml,
respectively. The decreases in body temperature, heart rate,
WBC counts, blood and urine levels of amylase and the
increase in PaO2 were significant on the fifth day when
compared with those on the first day. Infection of pancreatic
necrosis was found in one patient and controlled by anti-
infectives. 6 out of 8 patients with gallbladder stone were
operated during hospital stay. All patients were cured and
diischarged and the average hospital stay was 28.1±11.6 days.

CONCLUSION: ENPD is an effective method for the
drainage of pancreatic fluid and might have an important
role in the treatment of SAP. Further observation, comparison
and summary by this method are worthy to be considered.

Quan ZF, Wang ZM, Li WQ, Li JS. Use of endoscopic naso-
pancreatic drainage in the treatment of severe acute pancreatitis.
World J Gastroenterol  2003; 9(4): 868-870
http://www.wjgnet.com/1007-9327/9/868.htm

INTRODUCTION
Acute pancreatitis (AP) is a common clinical emergency. For
the reason of urgency of episode, severity of patient’s condition,
frequent complications and high mortality, extensive attention
has been paid to severe acute pancreatitis (SAP) in clinical
practice[1-10]. Since August 1995, we have adopted the principle
of combination therapy mainly by non-operative methods, the

therapeutic efficacy of SAP has been increased significantly
and hospital  stay has been shortened. Therein, the method of
endoscopic naso-pancreatic drainage (ENPD) was used in 14
cases since March 1998,with significant results.

MATERIALS AND METHODS
General clinical data
A total of 14 patients were treated, with average age of
41.3±15.9 (27-77) years, 8 males and 6 females. From onset
of the sisease to admission was 32.9±22.8 (6-72) hours. In 8
cases (8/14, 57.1 %), gallbladder stone was detected by B
ultrasonography or computerized tomography (CT). All patients
were diagnosed as SAP in accord with the diagnostic criteria set
by Surgical Pancreatic Group of the Surgical Society of Chinese
Medical Association[11,12]. Within 24 hours after hospitalization,
their APACHE-II scores were 8, Balthazar CT grades II,
and all accompanied by one or more organ dysfunction.

Routine non-operative monitoring therapy
All patients in fasting were installed with gastric tube to
decompress and drain gastrointestinal fluid, and were given
oxygen therapy (nasal catheter oxygen inhalation, 5 L/min),
prophylactic application of antibiotics and somatostatin (14
peptide or 8 peptide). At the same time, internal homeostasis
including water-electrolyte balance, acid-base balance, and the
change of organ functions such as heart, lung, liver and kidney
were monitored. Proper supportive therapy was given on time
if necessary.

Endoscopic nasopancreatic drainage (ENPD)
After hospitalization, with the use of fiberoptive duodenoscope
spectacle (Olympus TJF-30 model), nasopancreatic drainage-
tube was inserted through the scope in the ward instantly after
admission. The procedure was as follows: after intramuscular
injection of 50 mg meperidine and 10 mg 654-2 with topical
anaesthesia of throat, the endoscope was advanced to
duodenum, searching for the papilla. Once found, it was
observed about its shape, size, and position of the orifice. A
tube was inserted into pancreatic duct for 5-10 cm through the
orifice. The catheter was 1.95 m in length, 1.95 mm in outside
diameter and 1.70 mm in inside diameter with 3 to 5 side holes
near the distal end. If pancreatic juice cound be drawn out, it
indicated that insertion of the catheter was successful. The
endoscope was then withdrawn and the drainage tube was
guided from oral cavity to nasal cavity by a guiding catheter
and fixed. Thereafter, the patency of the nasopancreatic tube
was closely observed daily and was washed with gentamycin
saline solution if necessary. When the abdominal symptoms
and signs subsided, the tube was pulled out.

Observation index
Volume of the drainage from nasopancreatic tube was observed
and recorded everyday. The body temperature, heart rate, WBC
counts, blood glucose, blood calcium, PaO2, and blood and
urine levels of amylase were surveyed on the fifth day and
compared with that on the first day. The therapeutic results
and the time of hospital stay were recorded.



Data processing
All data were expressed as mean ±standard deviation, and t-
test was used for statistical analysis.

RESULTS
Information of drainage by nasopancreatic tube
The pancreatic fluid of all patients drained out was feculent
achromatic or white fluid in the first 1 to 3 days, and then
turned to clear transparent pancreatic fluid. The time of
nasopancreatic drainage was 7.3±4.0 days. The drainage output
of pancreatic fluid during the first five days was shown in
Figure 1. The radiogram of naso-pancreatic catheter in a patient
was shown in Figure 2.

Figure 1  The drainage output of pancreatic fluid during the
first five days.

Figure 2  The radiogram of naso-pancreatic catheter in a patient.

Changes of the relevant monitoring indices
The decrease of body temperature, heart rate, WBC count, blood
and urine levels of amylase and the increase of PaO2 were
significant on the fifth day when compared with that on the first
day. The change of blood glucose or blood calcium had no
significant difference. The details were shown in Table 1.

Table 1  Changes in several related indexes

              The first day           The fifth day

Body temperature ( )     38.2±0.6 37.2±0.8b

Heart rate (bpm)   102.3±17.0 82.9±14.5b

WBC count (×109/L)     14.6±4.2 10.1±5.4a

Blood amylase (U/L)   695.7±445.2 82.6±47.1b

Urine amylase (U/L) 3174.1±2542.5             286.8±260.9b

PaO2 (mmHg)     78.0±16.3             113.0±41.6b

Blood glucose (mmol/L)     10.0±4.9   8.6±3.3
Blood calcium (mmol/L)       2.1±0.2   2.2±0.2

aP<0.05, bP<0.01, vs the first day.

Therapeutic result of treatment and time of hospital stay
Bacterial infection of pancreatic necrosis was found in one
patient and controlled after changing the anti-infectives.
Cholecystectomy was performed in 6 patients with
cholecystolithiasis before discharge. All patients were cured
and the time of hospital stay was 28.1±11.6 days.

DISCUSSION
There has been a steady increase in the incidence or the
admission rate of AP[13-15]. Generally, it is recognized that the
pathogenesis of AP is correlated with the common channel of
biliary and pancreatic ducts which is also called the common
biliary pancreatic duct. The most common cause (60-80 %) is
gallbladder stone and alcoholism[16]. The former cause was
more extensively studied than the latter. Incarceration by the
calculus which enters the common channel and/or the
inflammatory reaction and tissue edema caused by the passage
of the calculus have often been proposd as the mechanism of
AP and we name this type of AP the gallbladder stone-
originated AP.
     The obstruction of common biliary pancreatic duct results
in the bile flowing into the pancreatic duct, activating the
pancreatic enzymes and then causing the occurrence of AP.
This is the classical bile reflux-common channel theory. This
theory does not explain why AP happens in patients who have
no calculus incarceration in or obstruction of common biliary
pancreatic duct. In our group, 8 out of 14 cases, which
amounted to 57.1 %, were diagnosed as having with
cholecystolithiasis. But no one showed incarceration of the
calculus or obstruction of common biliary pancreatic duct. We
found that there was no bile mixed in the pancreatic fluid in
our SAP patients with or without cholecystolithiasis, although
the initial drain was feculent.
     Nevertheless, the experiment of Lerch, et al [17] made it clear
that both pancreatic duct ligation alone and common biliary
pancreatic duct ligation could cause the occurrence of AP, with
pathological changes of similar severity. This result suggested
that pancreatic duct obstruction, especially increase of
pancreatic intraductal pressure was the main factor of the
occurrence of AP. It may be the main mechanism in patients
suffering from AP with or without cholecystolithiasis.
Pancreatic ischaemia has an important role in the
pathphysiology of AP[18,19]. Shi and his colleagues[20] reported
that pancreatic duct obstruction was the first step causing
ischaemia in AP and early decompression of the pancreatic
duct prevented the early pancreatic ischaemia. The study of
Choudari, et al[21] proved that improving drainage of the
pancreatic ductal system by endoscopic means effectively
relieved the pain and reduced the number of attacks of
pancreatitis in the majority of patients with heriditory
pancreatitis. Aiming directly on this mechanism, we used the
method of ENPD in treating SAP patients. All the patients
accepted the routine non-operative therapy. Amelioration of
abdominal symptoms and signs was very rapid with the
drainage. Comparing with that on the first day, the decrease in
body temperature, heart rate, WBC counts, blood and urine
levels of amylase and the increase in PaO2 were significant on
the fifth day. Although blood glucose decreased and blood
calcium increased, but they had no statistic significance.
Bacterial infection of pancreatic necrosis was found only in
one patient and was controlled after changing the anti-
infectives. All 14 patients of this group were cured.
    Studies have shown that duration of the obstruction of
common biliary pancreatic duct was related directly with the
severity of pancreatic necrosis and prognosis of the patient.
Removal of the obstruction or decreasing the pressure on time
can prevent the appearance of pancreatic necrosis or its further
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development. The earlier the time of removal of the obstruction
or decreasing the pressure, the better the prognosis[16,22-24].
Beger, et al[25] found that if the course of AP was longer than
3-4 days, the pancreas would necrotize irreversibly. It is
important in the therapy of SAP to remove the obstruction or
lower the high pressure of the pancreatic duct as early as
possible. The time from onset to admission was 32.9±22.8 (6-
72) hours in this group and the application of ENPD was carried
out in the ward immediately after the admission. This is another
important factor to get the curative effect.
     This is our preliminary experience of the clinical application
of ENPD in the treatment of SAP. The real value of this this
therapeutic modality should be further studied by strict
randomised control study.
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Abstract
AIM: To assess the validity of local excision for the early
stage low rectal cancer as an effective treatment alternative
to radical resection.

METHODS: A retrospective medical chart review was done
in 47 patients with early stage low rectal carcinoma who
underwent local excision from November 1980 through
November 1999 at Cancer Hospital of Chinese Academy of
Medical Sciences (CAMS). The patients were treated by either
transanal (40 cases), trans-sacral (5 cases), or trans-vaginal
(2 cases) excision of tumors and no death was related to
surgery. Sixteen patients received postoperative radiotherapy.

RESULTS: T1 and T2 lesion was found in 36 (76.6 %) and
11 patients (23.4 %) respectively. The overall local tumor
recurrence rate was 14.9 % (7/47), with an average
recurrence time of 21 months. Among these 7 recurrent
patients, there were 4 T1 and 3 T2 lesions. Microscopically,
the surgical incisal margin was negative in 45 (95.7 %) and
positive in 2 patients (4.3 %); Both of the later had developed
local recurrence. The overall 5-year survival rate was 91.7 %,
in which there were 94.4 % for T1 and 83.3 % for T2 tumors.
T stage, intravessel tumor thrombosis, lymphocytic infiltration
and histological grade were not found to be significant by
related to the local recurrence and survival (P>0.05).

CONCLUSION: Local tumor excision was a safe procedure
for the treatment of early stage low rectal carcinoma with
minimal morbidity and mortality, which might serves as one
of the primary surgical treatment methods for the disease
of this kind.

Gao JD, Shao YF, Bi JJ, Shi SS, Liang J, Hu YH. Local excision
carcinoma in early stage. World J Gastroenterol  2003; 9(4):
871-873
http://www.wjgnet.com/1007-9327/9/871.htm

INTRODUCTION
Abdominoperineal resection (APR) has traditionally been use
to treat the Adenocarcinoma of the low rectum[1-2]. In which a

permanent colostomy has to be performed, leading to the risk
of complications, inconvenience of patients and even death[3,4].
More recently, local excision has been performed with the
curative intent to remove the well-differentiated lesions that
are less than 3 cm in diameter and limited to the mucosa or
submucosa[5-7], which offers these patients fewer operative
complications and long-term survival outcome[8-13]. The
increasing evidence based on the local tumor recurrence and
survival rates supports the use of local excision as a primary
treatment modality in the selected patients[14-18].
     The aim of the present study was to review our experience
in the local excision of the early rectal cancers and to assess
the validity of this therapeutic strategy as an effective treatment
alternative to radical resection.

MATERIALS AND METHODS

Materials
Forty-seven 47 patients with early stage low rectal carcinomas
were treated by local excision from November 1980 to
November 1999 at the Department of General Surgical
Oncology, Cancer Hospital of Chinese Academy of Medical
Sciences (CAMS). They were 23 male and 24 female and with
an average age 57 years (ranging from 31 to 80 years). The
rectal carcinomas were located 3 to 8 cm from the anal verge
(Table 1).

Table 1 Patient and treatment characteristics (n=47)

Characteristic    No. patients

Sex

Male 23

Female 24

Surgical margin

Negative 45

Positive   2

Radiotherapy

No 31

Yes 16

T stage

T1 36

T2 11

Grade

Well differentiated 22

Moderately differentiated 23

Poorly differentiated   2

Surgical Procedure

Transanal excision 40

Trans-sacral excision   5

Trans-vaginal excision   2

Treatment
Patients were treated by either transanal (40 cases), trans-sacral
(5 cases), or trans-vaginal (2 cases) excision of tumors, in which
16 patients received postoperative radiotherapy.



Pathological diagnosis
All available pathohistological sections were reviewed by a
single pathologist to assessed the depth and extent of tumor
invasion, the lymphocytic infiltration, mucinous status, and
the degree of tumor differentiation. The tumor was staged
according to the American Joint Committee on Cancer Staging
System (AJCC1996).

Statistical analysis
The end points of this study were local and distant tumor
recurrence and patient survival. Obtained data were analyzed
using the Statistical Package for the Social Sciences (Release
11.0, SPSS, Inc). Survival curves were estimated using the
Kaplan-Meier method and were compared using the log-rank
test. Significance was defined as P<0.05.

RESULTS
There was no death related to surgery. The most severe
complication was the fistula formation, which was necessitated
to perform a temporary diverting colostomy in two patients
treated with trans-sacral excision. Other complications included
bleeding in 2 patients and anal stricture in one patient (Table 1).
     The median tumor diameter was 2.0 cm (ranging form 0.4
to 3 cm). Thirty-six patients (76.6 %) had T1 and 11 patients
(23.4 %) had T2 lesion. The resected tumors in most cases were
well or moderately differentiated, poorly differentiated were
only seen in two patients. For those pathological sections
were available, intravessel tumor thrombosis was identified
in 10 patients (21.3 %) and lymphocytic infiltration in 8
patients (17.0 %). Tumor cells appeared on the surgical incisal
margin were negative in 45 patients (95.7 %) and positive in
2 cases (4.3 %).
     The average time for follow-up survey was 53 months. The
overall local tumor recurrence rate was 14.9 % (7 patients)
with the median recurrence time of 21 months (ranging from
12 to 48 months) postoperation. Among those with local
recurrence, T1 and T2 tumors were found in 4 and 3 cases
respectively. Five patients had immediate reoperation (APR
or anterior resection). Both of the two patients with tumor cell
positive incisal margin developed local recurrence. The overall
5-year survival rate was 91.7 %, in which there were 94.4 %
for T1 and 83.3 % for T2 tumors.
    T stage, intravessel tumor thrombosis, lymphocytic
infiltration, histological grade and mucinous differentiation
were not found to be significant predictors for local tumor
recurrence and survival (P>0.05).

DISCUSSION
Abdominoperineal resection, the mainstay of treatment for
rectal cancer nowadays, has been reported bearing a death rate
of 2.3 % to 3.2 % and 30 % to 46 % postoperative complications
in the patient. permanent colostomy, urinary and sexual
dysfunction are common sequelae of radical proctectomy that
impair seriously affecting the patient’s quality of life[1-4]. In
the past, local excision was performed only if the patient was
in poor medical condition or refused to have a colostomy.
Recent data suggest that the combination of local excision and
postoperative chemo-radiation therapy may be an option for
some patients with early stage rectal cancer. Encouraging
results of local treatment of early rectal cancer and the
development of new diagnostic technology providing accurate
preoperative staging have greatly increased the interest of
surgical oncology in this therapeuticstrategy[14-19].
      However, broad acceptance of local excision as the primary
treatment rectal cancer has been limited by the high local tumor
recurrence that was difficult to be interpreted because the

literature was dominated by retrospective analyses of
heterogeneous groups of patients. Included the patients with
the tumors undifferentiated and penetrating the perirectal fat,
with questionable or even positive tumor cell incisal margins, or
with different surgical approaches, even palliative surgery[20,21].
Besides specific reference was not always made to the
lymphatic and blood vessel invasion, and the role of salvage
surgery after failed local excision has also not been clearly
stated[22-26]. Therefore, There is an almost uniform agreement
at present that only the well- or moderately differentiated T1
and T2 tumors, without blood vessel or lymphatic invasion or
mucinous components could be treated by local excision with
curative intent.
      The present study there was no death related to the surgery,
postoperative mortality. Complications occurring more and
with a minimal in patients treated with trans-sacral excision
was the fistula that was necessitated to perform a temporary
diverting colostomy in two patients. Transanal excision was
associated with less morbidity than any other local excision
procedures.
      Our data suggested that longer follow-up was necessary to
identify those who would have a relapse, as shown by the fact
that the median time for the local tumor recurrence in our study
was about 21 months, with a range of 12 to 48 months
postoperation. Recurrence rates were 11.1 % and 27.3 % in
T1 and T2 tumors, respectively, which suggested that T stage
was an important factor affecting recurrence.
      The fact that both of the 2 patients with tumor cell positive
incisal margin developed local recurrence suggested that
tumor-free incisal margin and completely tumor excision was
crucial for the prevention of local tumor recurrence, which
was difficult to achieve for T3 lesion because the tumor had
invaded the perirectal fat or anal sphincter. Therefore, if a tumor
cell negative incisal margin could not be achieved in the
operation, the patient was not considered as a good candidate
for the local excision[27,28]. Statistical analysis showed that
intravessel tumor thrombosis, lymphocytic infiltration,
histologic grade and mucinous differentiation were not found
to be  the significant predictors for the local tumor recurrence
and survival (P>0.05).
     In summary, on the basis of our retrospective data, the
sphincter-preserving local excision can be used as one of the
primary surgical treatment methods for the early-stage low
rectal cancer with minimal morbidity and mortality.

REFERENCES
1 Nissan A, Guillem JG, Paty PB, Douglas Wong W, Minsky B,

Saltz L, Cohen AM. Abdominoperineal resection for rectal can-
cer at a specialty center. Dis Colon Rectum 2001; 44: 27-35

2 Zheng S, Liu XY, Ding KF, Wang LB, Qiu PL, Ding XF, Shen YZ,
Shen GF, Sun QR, Li WD, Dong Q, Zhang SZ. Reduction of the
incidence and mortality of rectal cancer by polypectomy: a pro-
spective cohort study in Haining County. World J Gastroenterol
2002; 8: 488-492

3 Luna-Perez P, Rodriguez-Ramirez S, Vega J, Sandoval E,
Labastida S. Morbidity and mortality following abdomino-
perineal resection for low rectal adenocarcinoma. Rev Invest Clin
2001; 53: 388-389

4 McLeod RS. Comparison of quality of life in patients undergo-
ing abdominoperineal extirpation or anterior resection for rectal
cancer. Ann Surg 2001; 233: 157-158

5 Sengupta S, Tjandra JJ. Local excision of rectal cancer: what is
the evidence? Dis Colon Rectum 2001; 44: 1345-1361

6 Masaki T, Sugiyama M, Atomi Y, Matsuoka H, Abe N, Watanabe
T, Nagawa H, Muto T. The indication of local excision for T2
rectal carcinomas. Am J Surg 2001; 181: 133-137

7 Taylor RH, Hay JH, Larsson SN. Transanal local excision of se-
lected low rectal cancers. Am J Surg 1998; 175: 360-363

8 Bleday R, Steele G Jr. Current protocols and outcomes of local

872                   ISSN 1007-9327          CN 14-1219/ R         World J Gastroenterol    April 15, 2003   Volume 9   Number 4



therapy for rectal cancer. Surg Oncol Clin N Am 2000; 9: 751-758
9 Rothenberger DA, Garcia-Aguilar J. Role of local excision in the

treatment of rectal cancer. Semin Surg Oncol 2000; 19: 367-375
10 Chorost MI, Petrelli NJ, McKenna M, Kraybill WG, Rodriguez-

Bigas MA. Local excision of rectal carcinoma. Am Surg 2001; 67:
774-779

11 Blair S, Ellenhorn JD. Transanal excision for low rectal cancers is
curative in early-stage disease with favorable histology. Am Surg
2000; 66: 817-820

12 Hall NR, Finan PJ, al-Jaberi T, Tsang CS, Brown SR, Dixon MF,
Quirke P. Circumferential margin involvement after mesorectal
excision of rectal cancer with curative intent. Predictor of sur-
vival but not local recurrence? Dis Colon Rectum 1998; 41: 979-983

13 Chakravarti A, Compton CC, Shellito PC, Wood WC, Landry J,
Machuta SR, Kaufman D, Ancukiewicz M, Willett CG. Long-term
follow-up of patients with rectal cancer managed by local exci-
sion with and without adjuvant irradiation. Ann Surg 1999; 230:
49-54

14 Wagman RT, Minsky BD. Conservative management of rectal
cancer with local excision and adjuvant therapy. Oncology
(Huntingt) 2001; 15: 513-519

15 Daniels IR, Simson JN. Local excision and chemoradiation for
low rectal T1 and T2 cancers is an effective treatment. Am Surg
2000; 66: 512

16 Medich D, McGinty J, Parda D, Karlovits S, Davis C, Caushaj P,
Lembersky B. Preoperative chemoradiotherapy and radical sur-
gery for locally advanced distal rectal adenocarcinoma: patho-
logic findings and clinical implications. Dis Colon Rectum 2001;
44: 1123-1128

17 Benson R, Wong CS, Cummings BJ, Brierley J, Catton P, Ringash
J, Abdolell M. Local excision and postoperative radiotherapy for
distal rectal cancer. Int J Radiat Oncol Biol Phys 2001; 50: 1309-1316

18 Varma MG, Rogers SJ, Schrock TR, Welton ML. Local excision
of rectal carcinoma. Arch Surg 1999; 134: 863-867

19 Akasu T, Kondo H, Moriya Y, Sugihara K, Gotoda T, Fujita S,
Muto T, Kakizoe T. Endorectal ultrasonography and treatment
of early stage rectal cancer. World J Surg 2000; 24: 1061-1068

20 Weber TK, Petrelli NJ. Local excision for rectal cancer: an uncer-
tain future. Oncology (Huntingt) 1998; 12: 933-943

21 Bouvet M, Milas M, Giacco GG, Cleary KR, Janjan NA, Skibber
JM. Predictors of recurrence after local excision and postopera-
tive chemoradiation therapy of adenocarcinoma of the rectum.
Ann Surg Oncol 1999; 6: 26-32

22 Graham RA, Hackford AW, Wazer DE. Local excision of rectal
carcinoma: a safe alternative for more advanced tumors? J Surg
Oncol 1999; 70: 235-238

23 Benoist S, Panis Y, Martella L, Nemeth J, Hautefeuille P, Valleur P.
Local excision of rectal cancer for cure: should we always regard
rigid pathologic criteria? Hepatogastroenterology 1998; 45:1546-1551

24 Mellgren A, Sirivongs P, Rothenberger DA, Madoff RD, Garcia-
Aguilar J. Is local excision adequate therapy for early rectal
cancer? Dis Colon Rectum 2000; 43: 1064-1071

25 Wexner SD, Rotholtz NA. Surgeon influenced variables in
resectional rectal cancer surgery. Dis Colon Rectum 2000; 43:
1606-1627

26 Lopez-Kostner F, Fazio VW, Vignali A, Rybicki LA, Lavery IC.
Locally recurrent rectal cancer: predictors and success of salvage
surgery. Dis Colon Rectum 2001; 44: 173-178

27 Kim CJ, Yeatman TJ, Coppola D, Trotti A, Williams B, Barthel
JS, Dinwoodie W, Karl RC, Marcet J. Local excision of T2 and T3
rectal cancers after downstaging chemoradiation. Ann Surg 2001;
234: 352-358

28 Beart RW Jr. Predictors of recurrence after local excision. Ann
Surg Oncol 1999; 6: 26-32

Edited by Zhu L

Gao JD et al. Local excision carcinoma in early stage 873



P.O.Box 2345, Beijing 100023,China                                                                                                                                                                          World J Gastroenterol  2003;9(4):874-877
Fax: +86-10-85381893                                                                                                                                                                                                                                 World Journal of Gastroenterology

E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                   Copyright © 2003 by The WJG Press ISSN 1007-9327

• CLINICAL RESEARCH •

Acaroid mite, intestinal and urinary acariasis

Chao-Pin Li, Yu-Bao Cui, Jian Wang, Qing-Gui Yang, Ye Tian

Chao-Pin Li, Yu-Bao Cui, Jian Wang, Qing-Gui Yang, Ye Tian,
Department of Etiology and Immunology, School of Medicine, Anhui
University of Science & Technology, Huainan 232001, Anhui
Province, China
Correspondence to: Dr. Chao-Pin Li, Department of Etiology and
Immunology, School of Medicine, Anhui University of Science &
Technology, Huainan 232001, Anhui Province, China.  yxfy@aust.edu.cn
Telephone: +86-554-6658770    Fax: +86-554-6662469
Received: 2002-11-11    Accepted: 2002-12-20

Abstract
AIM: To investigate epidemiology and pathogenic mite
species of intestinal and urinary acariasis in individuals with
different occupations.

METHODS: A total of 1994 individuals were tested in this
study. History collection, skin prick test and pathogen
identification were conducted. The mites were isolated from
stool and urine samples by saturated saline flotation methods
and sieving following centrifugation, respectively.

RESULTS: Among the 1994 individuals examined, responses
to the skin prick test of “+++”, “++”, “+”,”±” and “-” were
observed at frequencies of 3.96 % (79), 3.21 % (64), 2.31 %
(46), 1.25 % (25) and 89.27 % (1780), respectively. A total
number of 161 (8.07 %) individuals were shown to carry
mites, with 92 (4.61 %) positive only for stool samples, 37
(1.86 %) positive only for urine samples and 32 (1.60 %)
for both. The positive rate of mites in stool samples was
6.22 % (124/1994), being 6.84 % (78/1140) for males and
5.39 % (46/854) for females. No gender difference was
observed in this study (χ2=1.77, P>0.05). The mites from
stool samples included Acarus siro, TyroPhagus putrescentiae,
Dermatophagoides farinae, D. pteronyssinus, Glycyphagus
domesticus, G.ornatus, Carpoglyphus lactis and Tarsonemus
granaries. The positive rate of mites in urine samples was
3.46 % (69/1994). The positive rates for male and female
subjects were found to be 3.95 % (45/1140) and 2.81 %
(24/854) respectively, with no gender difference observed
(χ2=1.89, P>0.05). Mites species in urine samples included
Acarus siro, Tyrophagus putrescentiae, T. longior, Aleuroglyphus
ovatus, Caloglyphus berlesei, C. mycophagus, Suidasia
nesbitti, Lardoglyphus konoi, Glycyphagus domesticus,
Carpog lyphus lact is ,  Lepidog lyphus destructor ,
Dermatophagoides farinae, D. pteronyssinus,  Euroglyphus
magnei, Caloglyphus hughesi, Tarsonemus granarus and T.
hominis. The species of mites in stool and urine samples
were consistent with those separated from working
environment. A significant difference was found among the
frequencies of mite infection in individuals with different
occupations (χ2=82.55, P<0.001), with its frequencies in
those working in medicinal herb storehouses, those in rice
storehouse or mills, miners, railway workers, pupils and
teachers being 15.89 % (68/428), 12.96 % (53/409), 3.28 %
(18/549), 2.54 % (6/236), 5.10 % (13/255) and 2.56 % (3/
117), respectively.

CONCLUSION: The prevalence of human intestinal and
urinary acariasis was not associated with gender, and these

diseases are more frequently found in individuals working
in medicinal herb, rice storehouses or mills and other sites
with high density of mites. More attention should be paid
to the mite prevention and labor protection for these high-
risk groups.

Li CP, Cui YB, Wang J, Yang QG, Tian Y. Acaroid mite, intestinal
and urinary acariasis. World J Gastroenterol  2003; 9(4): 874-877
http://www.wjgnet.com/1007-9327/9/874.htm

INTRODUCTION
Various species of mites often infest stored foodstuffs and
various drugs, and cause losses in food and drug products,
especially in humid and warm area[1-9]. They are small creatures
of about half a millimeter in body size and creamy white in
color, proving difficult to be detected from drugs and food
products. Therefore, the incidence of various forms of human
acariasis presumably caused by the ingestion of mite-infested
food is unusually high in China[10]. In this study we investigates
the epidemiological characteristics and pathogenic mite species
of intestinal and urinary acariasis in individuals with different
occupations in Anhui Province.

MATERIALS AND METHODS

Population
A total of 1994 subjects with the average age of 35 years (6-
63 years), 1 140 males and 854 females, were examined in this
study, including medicinal herb storehouse workers (n=428),
rice storehouse or mill workers (n=409), miners (n=549),
railway workers (n=236), pupils (n=255) and teachers (n=117).
Special attention was paid to individuals with intestinal or/
and urinary symptoms.

Methods
History collection, skin prick test and etiological examination
were carried out on the 1994 subjects.
History collection  A questionnaire, administered by a nurse,
was used to collect information from each subject investigated.
Information was collected by means of in-person, telephone,
interview, including age, gender, history of present illness,
anamnesis, symptomatology (i.e. abdominal pain, diarrhea,
abdominal cramps, urethremorrhage, urodynia, cloudy urine,
frequency of micturition), onset date and duration of symptoms,
personal habits, living environmental hygiene and the date of
stool and urine sample collection.
Skin prick test  Skin prick test were performed with the
concentrations of 1:100 (W/V) of the test extract. After skin
disinfection, a little of extract (about 0.01 ml) was dripped on
skin surface of right forearm flexor, then a special disinfectant
needle was used to prick into the skin through the drop of the
extract. The depth of needle in skin was limited about 0.5-1
mm and there was no bloodshed. About 5 cm apart from the
extract drop, normal saline in proximal and histamine in distalis
were used for negative and positive control solution. The mean
diameter of the wheals or areolae was measured 15-20 min
after the test. The reactions with the mean diameter up to 1.5



mm, 2 mm, 3 mm, 5 mm and 10 mm were regarded as ±, +,
++, +++ and ++++, respectively.
    The test extract was made according to NIBSC82/518
approved by World Health Organization (WHO) in 1984. The
purified fraction was prepared as follows: the mites were then
frozen and thawed several times after having been cultured in
the initial medium for several months. A 48-hr maceration in
a borate buffer (pH 8.5) was followed by centrifugation. The
supernatant was neutralized and submitted to precipitation with
a series of acetone. The fraction precipitated at 80 % acetone
was isolated, washed and dried. This purified extract was
lyophilized or stored as a solution in the presence of 50 %
glycerol and 5 % phenol[11-14].
Etiological examination  All individuals were asked to provide
stool and urine samples for etiological examination. Mites in
stool samples were separated by saturated saline flotation
methods, and the mites were identified under microscope. Each
stool sample was examined for three times Specimens
containing adult or larval mites, eggs, or hypopus were
considered positive.
     Samples of the first urine in the morning and 24 hours’
urine of all individuals were collected for separation of mites.
After centrifugation and filtration with a copper sieve, they
were examined under a microscope for adult or larval mites,
eggs or hypopus.
Blood examination  Leukocytes were also counted and sorted
in 30 patients with mites detected.
Detection of mites from working environment  Directicopy,
waterenacopy and tullgren were used to identify mites from
mill floor dust, stores of medicinal herbs including wolfberry
fruit, ophiopogon root liquorice, boat-fruited sterculia seed and
safflower.
Colonoscopy  After defecation, the patients with mites found
in their stools were examined by routine colonoscopy.
Cystoscopy  After emiction, the patients with mites detected
in their urine were examined by routine cystoscopy.

Statistical analysis
The positivity rates were expressed as percentages, and the
statistical analysis was carried out by using χ2 test. A probability
value of less than 0.05 was considered statistically significant.

RESULTS

Skin prick test
The skin prick test was definitely positive in 189 subjects, with
the results “+++”, “++”, “+”, “±” and “-” observed in 79 (3.96 %),
64 (3.21 %), 46 (2.31 %), 25 (1.25 %) and 1 780 (89.27 %),
respectively among the 1994 individuals examined.

Etiological examination
Of 1994 individuals investigated, mites were detected from
stool or/and urine samples in 161 (8.07 %) subjects, with the
positive rates in stool, urine and in both being 4.61 % (92),
1.86 % (37) and 1.60 % (32), respectively.
     The positive rate of mites in stool samples was 6.22 % (124/
1 994), with that for male and female subjects being 6.84 %
(78/1 140) and 5.39 % (46/854), respectively. No gender
difference was found in this series (χ2=1.77, P>0.05). The mites
from stool samples included Acarus siro, TyroPhagus
putrescentiae, Dermatophagoides farinae, D. pteronyssinus,
Glycyphagus domesticus, G.ornatus, Carpoglyphus lactis and
Tarsonemus granaries. Among 124 cases with mites in stool
samples, 54 (43.55 %) were positive for adult mites, 13 (10.48 %)
for larval mites, 43 (34.68 %) for both adult and larval mites,
3 (2.42 %) for both adult mites and eggs, 6 (4.84 %) for adult
and larval mites and eggs, 3 (2.42 %) for both larval mites and

eggs and 2 (1.61 %) for both hypopus and eggs. Mite
concentration was also estimated, being 1-2 /cm3, 2-4 /cm3

and >5 /cm3 in 6, 30 and 88 cases, respectively.
    Totally, mites were detected from urine samples at a
frequency of 3.46 % (69/1 994). The positive rate for male
and female subjects were 3.95 % (45/1140) and 2.81 % (24/
854), respectively, with no gender difference found in this
series (χ2=1.89, P>0.05). The mites in urine samples were
separated and identified, including Acarus siro, Tyrophagus
putrescentiae, T. longior, Aleuroglyphus ovatus, Caloglyphus
berlesei, C. mycophagus, Suidasia nesbitti, Lardoglyphus
konoi, Glycyphagus domesticus, Carpoglyphus lactis,
Lepidoglyphus destructor, Dermatophagoides farinae, D.
pteronyssinus, Euroglyphus magnei, Caloglyphus hughesi,
Tarsonemus granarus and T. hominis. Among the 69 positive
cases, 19 cases (27.54 %) were found to be positive for adult
mites, 18 (26.09 %) for larval mites, 11 (15.94 %) both adult and
larval mites, 3 (4.35 %) for adult mites and eggs, 11 (15.94 %)
adult and larval mites and eggs, 6 (8.70 %) for larval mites
and eggs, and 1 (1.44 %) for both hypopus and eggs. The mite
concentrations were shown to be <0.5 /ml, 0.6-1 /ml, 1.1-1.5 /
ml and >1.5 /ml, respectively, in 32, 25, 10 and 2 cases,
reflecting the verity infectiosity of mites among different
individuals.

Relationship between skin prick test and etiological
examination
The results of etiological examination are correlative to skin
prick test. One hundred and sixty-one of the 189 cases (85.19 %)
positive skin-prick reaction were found to be positive for mites
in their stool or / and urine samples. The intensities of the skin
prick reaction were also found to be associated to mite
concentrations in stool or / and urine samples, with the reactions
“+++”, “++” and “+” corrective to 100 % (79/79), 90.63 %
(58/64) and 37.50 % (24/46), respectively.

Blood examination
Leukocytes were counted and sorted in so cases, most of them
being in the range of (5.55-10.4)×109/L with the exception of
4 cases [(11.0-12.9)×109/L]. The esoinophilic granulocyte
count was high [(0.32-0.78)×109/L]. The average value of
constituent ratio of eosinophilic granulocyte was 0.09 (0.04-
0.11) and was higher than the normal range (P<0.01).

Mites separated from working environment
The samples of mill floor dust (30 shares), stores of medicinal
herbs (146 species) including wolfberry fruit, ophiopogon root
liquorice, boat-fruited sterculia seed, safflower and other
working environmental foodstuffs were collected and used for
mites isolation. Numbers of mites per gram were shown to be
91-1862, 21-186, 0-483, 10-348, 51-712, and 311-1193, in
mill floor dust, traditional Chinese medicine stores, traditional
Chinese herbs including candied fruit, dry fruit, brown sugar,
and expired cake. Twenty-two species, from 9 families of mites
were separated and identified out of them, including Acaridae,
Lardoglyphidae ,  Glycyphagidae ,  Chortoglyphidae ,
Carpoglyphidae, Histiostomidae, Pyroglyphidae, Tarsonemus,
Cheyletus.  The mite species isolates from working
environmentwere were shown to be similar to those from stored
food staffs.

Relationship between acariasis and occupation
Of the 1994 subjects investigated, mites were detected in
68 individuals (15.89 %) working in traditional Chinese
medical storehouses, and 53 rice storehouse or mill workers
53 (12.96 %), being higher than those with other occupations
(Table 1).
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Colonoscopy
Colonoscopy performs in 16 patients with mites found only in
stool, showing pale intestinal wall, punctate ulcer, and exfoliated
cell from intestinal wall. In addition, live mites and eggs were
observed in tissues, especially in marginal zone of ulcer.

Cystoscopy
Cystoscopy was performed in the 11 patients with mites only
found in urine samples, showing Pachymucosa, uroepithelial
hyperplasia, lymphocyte and plasmaocyte infiltration in
membrana propria and a lot of dense pink abscess in the trigone.
In addition, trabecularism of inner wall of urinary bladder
changed slightly, local of lateral wall was congestive, and blood
capillary was also congestive and dilated. By cystoscopy, 4 adult
mites were found in 3 of 11 subjects, which were identified to
be Lardoglyphus konoi, Euroglyphus magnei, Tarsonemus
granarus, and neither larval mite nor egg was found.

DISCUSSION
The acaroid mite is a kind of arthropod and its geographic
distribution appears to be global[15,16]. Acaroid mites infestation
is a well-known problem for stored grain, often influencing
quality and hygienic condition of the grain[1-9]. However, little
is known about acariasis. Acaroid mite can survive in many
environments including the storehouse, human and animal
bodies. Its infestion in human can cause acariasis in several
organs including the lung, intestine and urinary tract[17-26].
      In this study, mites were identified in 124 of the 1994 stool
samples. The mite species observed in stool samples included
Acaridae, Glycyphagidae, Carpoglyphidae, Pyroglyphidae
and Tarsonemus, being in accordance with those found in the
working places of the patients. This confirmed that mites being
able to live in intestinal tract and causing intestinal acariasis
were transmitted through living environment and stored foods.
The respiratory infection through the polluted air may also be
an alternative pathway. Eight sampling sites had been set up
in a traditional Chinese medicine plant, and 13 mites had been
isolated from the dust samples collected from the 640 L volume
of air in the working environment of the plant. When dust
with mites ingested, some of mites might go into intestine
through mouth, nasal cavity or gorge. The mites living in
intestinal tract may stimulate mechanically and damage
intestinal tissues with its gnathosoma, chelicera, feet, and other
structures[27,28]. In addition, they may also intrude into mucous
layer and deep tissues, and cause necroinflammation and
ulcers[29-33]. This has been approved in this study by colonoscopy,
with spotty necrosis, petechial hemorrhage and ulcer observed.
The most frequent symptoms of the intestinal acariasis were
abdominal pain, diarrhea and pyohemofecia [10, 34,45].
      Urinary acariasis was caused by mites parasitizing in human
urinary tract. Mite isolation from urine is essential for its

diagnosis. In the present study, 1994 individuals with different
occupation were surveyed 69 patients found from their urine
samples, 17 mite species were identified, with most of them
being Acaridida. Apparently the pathogenic mites come from
environment. Regarding the transmission path, the following
possibilities have been proposed. First, the insects may enter
the urinary tract by crawling from vulva. Second, they may
enter the body through skin and reach urinary tract in some
way. Third, mites in respiratory or alimentary system may enter
the blood circulation, and reach kidney and urinary tract[46-50].
Acarid in human urinary system may damage urethral epithelia,
for the mites are good at digging. Furthermore, they can also
invade loose connective tissue and small blood vessel in urinary
tract, and caused an ulcer. Under cystoscopy, a lot of dense pink
abscess were found in trigone of urinary bladder in this study.
      The incidence of intestinal and urinary acariasis was shown
in this study to vary greatly and was linked to occupations,
being higher in individuals working in traditional Chinese
medicine (16 %) and rice storehouses or mills (13 %) than in
those with other occupations (2.5-8.1 %). The densities of mites
in traditional Chinese medicine and rice storehouses were
shown to be high. When peoples exposed to these environment
for a long time, the possibility to be infected may be greater
than those in environments with low densities of mites. It is
important to note that some patients with acariasis have habits
of having teas immersed by traditional Chinese herbs, such as
Liriope longipedicellata, Radix glycyrrhizae, boat-fruited
sterculia seed, and eating dried kern like dateplum persimmon,
candied jujube and Crataegus cuneata. Therefore, the prevalence
of acariasis was related to personal habits and densities of mites
in working environment and stored foodstuffs.
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Abstract
AIM: To summarize the characteristics of patients suffered
from primary biliary cirrhosis associated with ulcerative colitis.

METHODS: To report a new case and review the literature.

RESULTS: There were 18 cases (including our case) of
primary biliary cirrhosis complicated with ulcerative colitis
reported in the literature. Compared with classical primary
biliary cirrhosis, the patients were more often males and
younger similar. The bowel lesions were usually mild with
proctitis predominated. While ulcerative colitis was diagnosed
before primary biliary cirrhosis in 13 cases, the presentation
of primary biliary cirrhosis was earlier than that of ulcerative
colitis in our new case reported here. The prevalence of
primary biliary cirrhosis among patients of ulcerative colitis
was almost 30 times higher than in general population.

CONCLUSION: Association of primary biliary cirrhosis with
ulcerative colitis is rare. It should be considered in the
differential diagnosis of hepatobiliary disease in patients with
ulcerative colitis, and vice versa.

Xiao WB, Liu YL. Primary biliary cirrhosis and ulcerative colitis:
A case report and review of literature. World J Gastroenterol
2003; 9(4): 878-880
http://www.wjgnet.com/1007-9327/9/878.htm

INTRODUCTION
A variety of hepatobiliary diseases have been described in
patients with ulcerative colitis (UC). The incidence is 3-15 %
with persistent abnormal liver function tests, and up to 90 %
with abnormal liver histology at surgery or autopsy[1]. These
include primary sclerosing cholangitis, pericholangitis of the
small bile ducts, chronic active hepatitis, cholangiocarcinoma
and cirrhosis. The association of primary biliary cirrhosis (PBC)
and UC has occasionally been reported[2-4]. We hereby
presented an additional case.

CASE REPORT
A 50-year-old woman was admitted to our hospital because of
skin pruiritus for two years. One year ago she was found to
have jaundice and examined in another hospital. The results
of all hepatitis virus test were negative, and she was diagnosed
as cryptogenic hepatitis. Six months ago she had diarrhea 2-3

times per day. Upon physical examination icterus was evident
on the skin and sclera. Hepatomegaly and splenomegaly were
found. Blood routine test revealed hemoglobulin 106 g/L, WBC
and platelet counts normal. ESR 78 mm/h. IgM elevated to
7.73 g/L, IgA and IgG normal. Liver function tests showed
ALT 81 U/L, AST 139 U/L, serum total bilirubin 223.2 umol/
L, direct bilirubin 138.3 umol/L and GGT 1042 U/L.
Cholesterol was 12.2 mmol/L. Immunological tests, by indirect
immunofluorescence were as follows: ANA, 1:10 positive,
anti-mitochondria antibody (AMA), negative, anti-LK (anti-
liver and anti-kidney) microsome antibody and anti-smooth
muscle antibody negative. Hepatomegaly, splenomegaly and
portal hypertension were seen in abdominal computed
tomography (Figure 1). No intra- and extrahepatic bile duct
abnormalities were found by ERCP. Liver biopsy disclosed
an increased portal inflitration consisting of lymphocytes,
plasmacytes, and scattered eosinophils with fibrosis and
pseudolobulation. Two portal areas had hyperplastic ductule.
The findings were compatible with PBC stage 3-4 (Figure 2).
Colonoscopy showed up to 20 cm continuous lesions of the
mucosa with numerous ulcers and adherent mucopurulent
exudate (Figure 3). Histological examination demonstrated loss
of goblet cells, neutrophilic microabscesses in the crypts, and
inflitration with mononuclear cells and plasma cells in the
lamina propria (Figure 4). Ulcerative colitis limited to
rectosigmoid was diagnosed. Ursodeoxycholic acid (UDCA)
was prescribed. One month later serum bilirubin and liver
function tests returned to normal. But diarrhea persisted and
sulfasalazine was given. The bowel symptoms were then
relieved.

Table 1  Review of patients of PBC associated with UCa

Refer Patient   Sex Age Comorbidity AMA
-ences (yr) (titer)

3      1     F  65 Pancolitis, chronic 1/64

pancreatitis

4      2     F  20 Proctitis Strongly

4      3    M  22 Proctitis 1/160

4      4    M  44 Proctitis 1/320

4      5     F  28 Left-side colitis 1/200

5      6     F  49 Proctitis, chronic Positive

myelocytic leukemia

6      7     F  45 Proctitis,chronic Positive

pancreatitis

7      8    M  40 Left-side colitis 1/160

8      9     F  48 Pancolitis, renal 1/160

cell carcinoma

9    10    M  58 Proctitis 1/160

9    11     F  68 Proctitis 1/160

10    12     F  43 Pancolitis >1/160

11    13    M  61 Proctitis Positive

Present    14     F  50 Proctitis Negative

aFour cases with incomplete data were not shown here.



Figure 1  Abdominal CT disclosed hepatomegaly, splenom-
egaly and portal hypertension.

Figure 2  Liver biopsy revealed portal inflitration of
lymphocytes, plasmacytes, and scattered eosinophils with fi-
brosis and pseudolobule (H&E, 10×10).

Figure 3  Colonoscopy showed continuous mucosal ulceration.

Figure 4  Histological examination demonstrated  neutrophilic
microabscesses in the crypts (H&E, 10×20).

DISCUSSION
Hepatobiliary diseases are commonly found in association with
UC. Primary sclerosing cholangitis (PSC)  involved  the large
bile ducts is the most common associated hepatopathology,
affecting 2.4-7.5 % of UC patients. PBC is another autoimmune
hepatobiliary disease similar to PSC. The typical features
include skin pruiritus, with hyperbilirubinemia, increased IgM
levels and hypercholesterolemia. AMA is present in about
95 % of patients, that is in about 5 % AMA is negative.
Cholangiogram is normal. Granulomatous inflammation of the
periportal areas is a typical finding. The clinical manifestation
and histologic features of our patient were compatible with
PBC, although AMA was negative.
    PBC associated with UC is rare. There were 18 cases
(including our case) reported in the literature. In 4 cases from
Sweden and Taiwan data were incomplete. In the remaining
14 patients, their presentations were different from that of
typical PBC without UC (Table 1). It is well known that PBC
usually affects middle-aged women. The sex ratio is 10:1
(women to men), and the mean age at diagnosis was 57.5 years.
It is quite obvious that these figures differ in the patients of
table 1. The sex ratio was low (2:1) and the mean age was
younger similar to that of UC. In addition, UC was mild and
limited with proctitis predominating. Only 3 of 12 patients
had pancolitis. Similarly, UC associated with PSC tends to be
mild, but usually involving the whole bowel.
     The prevalence of PBC in Europe is about 15/100 000. In
a cohort of 412 cases of UC, 2 cases of PBC were diagnosed
estimating the prevalence of PBC among these patients 485/
100 1 000, almost 30 times higher as compared with the general
population[2]. It is believed that both PBC and UC are
autoimmune disease, and have similar pathogenesis. Associated
autoimmune conditions are frequent in both PBC and UC. PBC
and UC may be an additional example of a true association
between syndromes of autoimmune etiology. But the detail
remains to be clarified. In 13 out of the 14 patients UC were
diagnosed many years before the diagnosis of PBC. Symptoms
of PBC usually presented during the active stage of UC. In
other words, PBC runs a course depending the activity of UC.
So most authors considered PBC as the extraintestinal
(hepatobiliary) manifestiation of UC. But in our case it is clear
that the presentation of PBC is earlier than that of UC. We
believe that UC also could be regarded as extrahepatic
manifestation of PBC.
    Treatment of these patients presents some difficulties.
Prednisolone, which is indicated for the treatment of the active
stage of UC, might lead to extensive osteroporosis in PBC.
But as mentioned above, UC associated with PBC is usually
mild, so sulfasalazine is the first choice. If the presentation of
PBC is evident, UDCA could be added.
      In conclusion the reported association between UC and PBC
is rare, and it has not yet been established whether it occurs
coincidently or is due to a common immunogenetic basis. PBC
should be considered in the differential diagnosis of
hepatobiliary disease in patients with UC, and vice versa. Liver
biopsy and serum AMA are two diagnostic criteria that clearly
distinguish PBC from PSC.
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Abstract
The congenital H-type fistula between the anorectum and
genital tract besides a normal anus is a rare entity in the
spectrum of anorectal anomalies. We described a girl with
an anovestibuler H-type fistula and left vulvar abscess. A
40-day-old girl presented symptoms after her parents noted
the presence of stool at the vestibulum. On the physical
examination, anus was in normal location and size, and had
normal sphincter tone. A vestibuler opening was seen in
the midline just below of the hymen. A fistulous
communication was found between the vestibuler opening
and the anus, just above the dentate line. There was a
vulvar abscess which had a left lateral vulvar drainage
opening 15 mm left lateral to the perineum. After the
management of local inflammation and abscess, the patient
was operated for primary repair of the fistula. A protective
colostomy wasn’t performed prior the operation. A profuse
diarrhea started after 5 hours of postoperation. After the
diarrhea, a recurrent fistula was occurred on the second
postoperative day. A divided sigmoid colostomy was
performed. 2 months later, and anterior sagital
anorectoplasty was reconstructed and colostomy was closed
1 month later. Various surgical techniques with or without
protective colostomy have been described for double
termination repair. But there is no consensus regarding
surgical management of double termination.

Yazlcl M, Etensel B, Gürsoy H, Özklsaclk S. Congenital H-type
anovestibuler fistula. World J Gastroenterol  2003; 9(4): 881-882
http://www.wjgnet.com/1007-9327/9/881.htm

INTRODUCTION
The congenital H-type fistula between the anorectum and
genital tract without anal atresia is a rare entity in the spectrum
of anorectal anomalies. This type of anomaly has been termed
as “double termination” of the alimentary tract in girls[1-3]. Most
of the fistulas localized between the anorectum and vestibule
of the vagina, and this type anomaly was described as Perineal
Canal[1,2, 4-6]. We described a 40-day-old girl with a congenital
anovestibuler H-type fistula complicated with a vulvar abscess.

CASE REPORT
A 40-day-old girl referred to our university medical center
with a passage of stool through vestibulum as well as through
the normal anal passage from birth. She had been swelling
and tenderness on her left vulvar region for one week. On the
physical examination, anus was at the normal location and size,

and it had normal sphincter tone. A vestibuler opening was
found in the midline just below of the hymen. With insertion
of an 8 Fr catheter through the vestibuler opening, a fistulous
communication was detected between the vestibule of the
vagina and the anus at the dentate line. Nearly 3 mm to the left
side of this opening, there was a second opening about 3 mm
in diameter. A metal sound was inserted through this opening
and it was found that it had a subcutaneous continuity with a
vulvar abscess. This abscess was detected to drain through a
cutaneous opening 15 mm lateral to the perineum (Figure 1).
No associated anomaly was detected.

Figure 1  8 Fr catheter was placed in the perineal canal and
metal sound was passed through vestibuler and cutaneous
openings of the abscess.

     After the management of local inflamation and abscess, the
patient was operated for primary repair of the fistula. The
bowel preparation was performed with saline enemas. A
protective colostomy was not performed either prior or during
the definitive operation. We used the technique of anterior
sagittal anorectoplasty described by Kulshrestha et al. in 1998[1].
At the operation, a metal sound was passed through the fistula
from the vestibule of the vagina into the anal canal in the
lithotomy position. Then the perineal body that remained over
the sound vertically was incised. This incision included skin,
subcutaneous tissue, a few fibers of external sphincter muscle,
wall of the fistulous tract and anal canal mucosa. The mucosa
of the opened fistulous tract was dissected off the underlying
muscle. Then, perineal reconstruction was performed by
stitching the vestibule, perineal body, sphincter muscle and
the anorectum with interrupted 4/0 PDS sutures. Perineal skin
was closed with 4/0 Prolene. Five hours following the transfer
of the patient to the ward, a profuse diarrhea started resulting
in 16 defecat ions on the first  postoperat ive day.
Unfortunately, this caused a partial breakdown of the wound
on the second postoperative day, which caused the recurrence
of the fistula.  And the divided sigmoid colostomy was
performed.
     Two months later, we operated with the same technique
and this attempt was successful. One month following the
repair of the fistula, we closed her colostomy and started a
rectal dilatation program. Her first year postoperative follow-
up was uneventful.



DISCUSSION
The incidence of double termination among female anorectal
malformations ranged between 4-14 % in different Asian
series[1,5-8]. On the basis of Wingspread classification, these H-
type fistulas were divided into three groups according to their
level. Low type double termination included cases in which
the fistula was lying between the anal canal and the vestibule
and this was named as “perineal canal”. In the intermediate
type, communication was found between the rectum and the
vestibule. High type of double termination consisted of a fistula
between the rectum and the vagina[1]. Our case had a low type
double termination and an abscess which was detected in her
vulvar region complicated her anomaly. When we reviewed
the cases reported in the literature, we found out that Rintala
et al. reported vulvar abscess formation in three girls with
double termination[2]. In another report by Brem et al. abscess
formation was claimed to be secondary to the infection in either
a congenital blind-ending sinus or an existing fistula leading
to additional openings[9].
     On the other hand, high type of vestibuler fistula demands
a more specific operation and it may be named as
vestibulorectal pull-through procedure. Without protective
colostomy, this type of repair is reported to have a fairly high
recurrence rate[7]. Various surgical techniques have been
described for low-type double termination repair. These
techniques were utilized either with or without protective
colostomy in different series. Chatterjee described a simple
perineal procedure without colostomy and with good results[3].
Tsuchida et al did not use diversion during definitive procedure
they named as “pull-through of the anterior wall of the rectum”
in 3 of his 7 cases with perineal canal. Their results were
satisfactory for both diverted and non-diverted cases. However,
they were not as successful as above with their cases managed
with another different simple repair technique and without
diversion[5]. Kulshrestha et al. described anterior sagittal
anorectoplasty in 1998 as a surgical technique for all types of
double termination without colostomy and without no
complications[1]. This series which were the most recent and
had a successful outcome for the repair of perineal canal
directed us to prefer this technique in our series. Furthermore,

avoiding a colostomy in using this technique was another major
factor for our selection.
     Unfortunately, our case’s fistula recurred. This may have
resulted not from insufficiency of the technique, but from some
factors that did not take place in Kulshrestha’s series. A major
reason for breakdown of the repair may be due to the
unexpected and unwanted profuse diarrhea of the patient that
started after 5 hours of the post-operation. The sufficiency of
the technique may be thought of when one thinks that in the
redo operation, it was proved  to be a good result.
     In conclusion, it is believed that definitive repair can be
performed without protective colostomy when no abscess
formation is present in the vulvar region. If an abscess is
detected, it should be well managed before the operation.
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Abstract
We reported a case of 79-year old woman with known large
bowel diverticulosis presenting with small bowel obstruction
due to stone impaction - found on plain abdominal X-ray.
Contrast studies demonstrated small bowel diverticulosis.
At laparotomy, the gall bladder was normal with no stones
and no abnormal communication with small bowel - excluding
the possibility of a gallstone ileus. Analysis of the stone
revealed a composition of bile pigments and calcium oxalate.
This was a rare case of small bowel obstruction due to
enterolith formation - made distinctive by calcification
(previously unreported in the proximal small bowel).

Hayee B, Khan HN, Al-Mishlab T, McPartlin JF. A case of
enterolith small bowel obstruction and jejunal diverticulosis.
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INTRODUCTION
Diverticulosis of the small bowel (excluding Meckel’s) is
uncommon - being found in less than 5 % of post-mortem
examinations, although the prevalence increases with age[1].
The condition can be complicated by diverticulitis,
haemorrhage or perforation[2,3]. Small bowel obstruction due
to an enterolith formed and extruded from a diverticulum is a
rare complication[4-6].
     Enteroliths form in small bowel diverticula either de novo
or around a central nidus such as a fruit stone or undigested
vegetable matter (the latter is termed a bezoar). The usual
composition of true enteroliths is choleic acid[7] - an end product
of bile salt metabolism - postulated to form as a result of acidic
pH shift within a small bowel diverticulum. Radiological
diagnosis of such stones is rare, unless calcified (which
usually occurs only in the more alkaline ileum)[7]. Diagnosis
is therefore made at laparotomy with the presence of the stone,
diverticula and the finding of a normal gall bladder (excluding
a gallstone ileus). It is unclear how stones are extruded from
small bowel diverticula lacking a muscular coat, but larger
stones will be extruded and pass distally to cause obstruction
- an enterolith ileus.

CASE REPORT
A 79-year-old lady presented with a two-day history of
vomiting and central, colicky abdominal pain. She had been
constipated prior to this episode and had taken senna with only
a little effect on the previous day. She had a known history of

sigmoid diverticular disease and had been admitted only once
previously for suspected diverticulitis. She appeared
dehydrated with fever of 37.6 degrees. Her abdomen was
distended but soft with some central and left-sided tenderness.
Bowel sounds were heard and digital rectal examination was
unremarkable. Blood tests revealed a white cell count of
21.6×109/L without other abnormality. A plain abdominal film
demonstrated opacity on the left side (Figure 1) and a
gastrografin study revealed numerous small bowel diverticula
of varying sizes. The opacity now was presumed to be a stone,
was noted within the small bowel (Figure 2).

Figure 1  Radio-opaque stone was clearly seen in the plain
abdominal radiograph (arrow).

Figure 2  Contrast study (105 mins) demonstrated multiple
jejunal diverticula and minimal passage of barium beyond the
mid-jejunum. Stone was still visible (arrow).

     At laparotomy, the presence of large jejunal diverticula was
confirmed and the stone was found impacted in the mid-



jejunum. The gall bladder appeared normal without stones.
The stone approximately 3×4 cm and weighing 10.60 g appeared
greyish and hard which was removed via a small enterotomy
close to it. The patient made a good recovery from operation,
delayed only by post-operative nausea. Analysis of the stone
revealed a composition of bile pigments and calcium oxalate.

DISCUSSION
We reported the first case of proximal small bowel obstruction
due to a calcified enterolith. It is postulated that diverticulas
provide the more acidic environment necessary for choleic acid
precipitation and stone formation[7]. However calcification
cannot occur without an alkaline pH shift, which normally
occurs in the ileum. Our case confirmed calcification occurring
in the proximal small bowel which made this theory less
definitive but facilitated the diagnosis.
     The consensus management of enterolith ileus at laparotomy
is to first attempt manual lysis of the stone without enterotomy
and to milk the smaller parts into the colon where they are passed
through rectum[8]. If this is proved to be impossible or
inappropriate, the stone is removed through an enterotomy which
is made in a less edematous segment of proximal small bowel.
    The rarity of enterolith small bowel obstruction is well
recognised with the condition occurring in conjunction with

cases of diverticulosis. However the diagnosis should be
considered in patients presenting with clinical features of small
bowel obstruction without evidence of previous abdominal
surgery or incarcerated hernia.
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