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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
a and Interferon b 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 %Y, the 5-
year overal survival after curative resection of hepatocellular

carcinoma (HCC) increased to 25 %Y or 46.7 %!2. However,
HCC isfar from a curable disease because of high recurrence
rate, the 5-year recurrence rate after curative resection was
38 %4 and 61.5 %!, the 5-year disease-free survival was
16 %" or 38.6 %! after curative resection of HCC, and the
recurrence resulted in most deaths after resection®.

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
resultsfor 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
evauation 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. Thereis no consensus on thisdefinitionin
the literature. Some authors described it as“ complete removal
of tumor tissues’ 1¥; othersprefer to “ completeremoval of tumor
tissues plus a clear resection margin 3 1 cm on pathological
examination” 1. 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®. The 1 year disease-free survival was 43.0 %
by thefirst criterid®, and 59.1 % by the second™, and 69 % by
the third®. The different definitions of curative resection and
their results arelisted 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 asthe age of tumor, affectsthe recurrence
rates and survival after operation, thereafter, has great impact
on theresults (Table 1).

Origins of recurrence

The origin of recurrence can be divided into two sources, uni-
centric and multi-centric origins'®, which could be
discriminated by genetic markers, such as HBV integration
sited®1% or p53 mutation typed*™. Uni-centric origin can also
be named as intrahepatic metastatic recurrence or residual
tumor, which means metastatic |esion 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. Generdly two kinds of recurrences can beroughly
divided according to the time of appearance. Twelve monthg*2
or 3-years*® 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
criteriafor curative resection was applied. Therefore, when
evaluating a preventive treatment targeting residual tumors, it
issuggested that a subgroup of patient with moreinvasve 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 along
timel*”l, 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
statigtically 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 |eave 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 recommended9.,

In another study by Y amasaki et al, the efficacy of preTACE
on small HCC was tested. The results confirmed that preTACE
induced necrosisin 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*7,

Thefirgt RCT study on post-operative TACE (postTACE)
was reported by |zumi 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 lyearRR 1lyear DFS 1year OS
Complete removal Negative in histology Negative in post-
in operation on surgical margin  operative exams

Kubol*#4 2.6cm Yes No Yes 25%? NA 92%
Laul™ 3.8cm Yes Yes No NA 59.1% 86.4%
Tangis <5 cm, complete tumor Yes Yes No 6.5% NA NA

capsule, without portal

vein involvement
Poont? >5 cm? Yes No No 46% NA 55.5%
Izumit®l >5 cm? Yes No No 51.7% 43.0% 81.0%
Lai® 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.

destimated 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)
Wwutl >10 cm; resectable Pre-operative TACE 52 (24/28) 2-10 years 3-year 3-year Harmful
39% vs 46%*? 31% vs 62%?
Yamasaki®®! 2-5 cm; Single Pre-operative TACE 97 (50/47) 4-6.6 years 39.1% vs 31.1% NA Not effective
1zumit® With vessel Post-operative TACE, 50 (23/27) 28.7 Months 3-year 3-year Postpone
involvement or once L 3mI/m?+A (median) 32% vs 11.7%  56.6% vs 53.4% recurrence,but
intrahepatic spreading 20mg/m?+M change over
10mg/m?2+G or: all survival
L 2ml/m?+A+M
Lail® Negative in lipiodol Post-operative TACE, 66 (30/36) Median 28.3 3-year 3-year Harmful
CT, angiography and 3 times L 10mI+C months 18% vs 48% 65% vs 67%?
ultrasound one month  10mg+EA(40mg/m? ivx8)
after operation
Laul™ Surgical Post-operative TACE 43 (21/22) 14.1-69.7 3-year 3-year Beneficial
margin 31 cm 1% 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.
destimated according to the figure in authors” paper.
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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)'°.

In another RCT reported by Lau et al, the authors used *31-
Lipiodol instead of conventional Lipiodol. The result showed
that postTACE improved DFS and OS, decreased recurrence
without major side-effectd™. Thisisthe only one RCT reporting
apositiveresult for postTACE treatment. The authors suggested
more effective agents should be used in postTACE.

However, in Lai et al’ s study of postTACE, athough 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 inthefirst two
years, but the difference was not statistically significant.
Therefore, the authors concluded postTACE is harmful to
patients after curative resection of HCCI®,

The reason of why conflicting results came from different
RCTsisthe selection of patients. Lai et al’ sgroup of patients
was selected by a highly rigorous standard; the rationale of
preventive treatment was not solid enough to protect thisgroup
of patient with interventional treatment like postTACE.
However, in lzumi and Lau’ s studies, the authors selected a
group of patients with more possibility of recurrence (invasive
cancer or large cancer), so theresultsturned out to be effective.

In summary, preTACE isnot helpful in terms of decreasing
recurrence after resection of resectable HCC. PostTACE isonly
beneficia 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 effectivein most cases
with HCC*®, only afew papers showed a favorable results of
systemic chemotherapy®¥. 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 asubgroup of patients with severe cirrhosis and poor liver
function. The authors discussed that systemic chemotherapy
inhibited the growth of micro-metastatic lesonsexisting 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®,

Kohno et al studied the result of an aggressive treatment
combining systemic and one course of transcatheter arterial
chemotherapy (TAC). Therewas 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(2Y.

Ono et al’ streatment 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!?.

Ueno et al’ s study showed multiple courses of TAC
improved DFS after curative resection of HCC. The flaw of
this study istoo small sample size?.

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?4. 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?,
which implied a very limited benefit of locoregional
chemotherapy introduced by TACE overtopping TAE aone.

From the above data, it is suggested that systemic or
locoregional chemotherapy didn’ t inhibit the recurrence, and
thetolerance 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®!  Liver cacner study HCFU 67(32/35) 6-10 years Stage I°cirrhosis Stage | cirrhosis Beneficial only to
group of japan for 200mg, bid 62% vs 32% 79% vs 70% patients with
UICC stage Il HCC? Stage Il cirrhosis Stage Il cirrhosis Stage | liver
0% vs 0%° 59% vs 57%° dys function
Kohnot?4 NA UFT 300mg, qd vs 88 (40/48) NA 3-year NA Not effective
UFT 300mg, qd+A 37% vs 32%
(ia, 40mg/m?, once)
Ono® NA A 40mg/m? ia and 56 (29/27) 24 months NA NA Not effective,with
40mg/m? iv every poor tolerance
3 months for 2 years,
and HCFU 300mg
qd for 2 years
Ueno®! NA CDDP 50-80mg and 21 (11/10) >1 year 70% vs 20%° 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 Il 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?d;
however, it turned out to be not so effective as expected in a
number of clinical trial§%29, At the sametime, several clinical
trials have been set up to test the effect of adoptive
immunotherapy on recurrence in patients with HCC in early
1990s. Thefollowings are asummary 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 ratel®?,
However, Kawataet 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 (3 1 cm), the immunochemotherapy group
had a better disease-free survival rate than the chemotherapy
group®Y, 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®,

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 alonger time of observation,
the treatment choice for recurrence was not totally dependent

ondoctors presetting, therefore different treatment modalities
may affect the long term resultg.

In general, the immunotherapy may inhibit recurrence in
patients after resection of HCC, especialy in the first several
years after operation, with agood 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
severa findingsin HCV related HCC. Firgt, alower incidence
of HCC was observed in many studieswhen |FN was used to
clear HCV viremial®; second, recurrence after curative
resection of HCC developed from multicentric origin, which
was closely related to the HCC viremia status*4. Third, IFN
had anti-cancer effect on the early stage tumors, like
micrometastatic lesiong®). The following is the summary of
post-operative IFN treatment (Table 5).

Ikeda et al™s results showed that, although the recurrence
curveincreased similarly in both groupsin the first two years,
but it remained the same in treatment group after that, which
suggested that the effect of IFNb 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 IFNa 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 effectsor inhibition of carcinogenesisby HCV.
Therefore, the mechanism of IFN’ s effect on recurrence
remains to be investigated furthert4%!. 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
Unel®l NA Aliavs A+LAK and IL2 ia 24(12/12) NA 50% vs 8.3% NA Beneficial
Kawatal®! NA Aiavs A +IL2+LAK ia 24(12/12) NA NS NA Not beneficial
Lygidakis2  NA No Tx vs 40(20/20) NA Recurrence: NA Beneficial
Chemoimmunotherapy 0/18 vs 7/17
Takayama™ Completely remove; LAK IV at the 2", 155 (76/79) >5 years 3-year 5-year Beneficial
histologically negative 39, 4", 12t 24" 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
Ikedal®! Complete remove by IFNb 6MU im 20(10/10) 2-34.6 months 1 year NA Beneficial
resection or PEI biwx36 months 0% vs 62.5%
Kubolt436] Complete remove, IFNa 6MU biwx2 30(15/15) 1817 days (Tx) Recurrence NA Beneficial
negative in CT scan 3-4 weeks then tiwx14 and 1487 (Ctl) 9/15 vs 13/15
weeks after operation  weeks then biwx88 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
Mutol®"8l 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 IFNa involving in antitumor effect in animal
models, and it may act through regulation of V EGF expression.
A randomized control trial in HBV related HCC patients after
curative resection was a so conducted to test the effect of IFNa
on recurrence in the authors' institution, the interim results
showed that long-term IFNa treatment improved disease-free
survival of patientsthrough direct antitumor effect, which was
not associated with serum conversion of HBeAg.

Acyclic retinoid acid

Retinoid acid isainducer of differentiation. All-transretinoic
acid has been successfully used to treat a subtype of leukemia.
Muto et al reported aserial resultsin patientswith HCV -related
HCC treated by post-operative acyclic retinoic acid (ARA),
and showed long term ARA treatment improvement in OS and
DFS®38, A further study revealed the mechanism of ARA
treatment was through inhibition of second primary liver cancer
by deletion of alatent clonal hepatoma cellg%® (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 widdly.
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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 1l 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 Thl cytokines (including IL-2 and IFN-g)
and TNF-a 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 Thl 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.
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genetic alleles associated with hepatitis B virus infection. World
J Gastroenterol 2003; 9(4): 641-644
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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 areservoir of more than 130 million chronic carriers,
representing more than 10 % of Chinese populationt¥. In
particular, more than 23 million of Chinese HBV-infected
subjects clinically manifest liver damage with abnormally
elevated ALT levelsand HBV active replication. Generally,
exposure to HBV can cause a broad spectrum ranging from no
infection to different clinical conditiond?. 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 thefollowing: (1) Virological factors
such asviral 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. (2) Immunological factorsincluding
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 mutationsin HBV epitopes recognized by HBV -specific
CTLsmay cause both humoral and cell-mediated virus-specific
immune responses to quickly lose their ability to efficiently
control the virug*9. (3) The host genetic factors are believed
to be responsible for clinical outcomes of many infectious
diseases®.

Inthelast decade, the virological and immunological factors
of HBV have been extensively studied, but the examination of
the relationship between host genetics and HBV resistanceis
gtill inits infancy!*>*4. 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>*¥, However, the pattern and clinical outcome of
the infection are highly variable. Why is this? Previous
epidemiological investigation in humans suggests that thereis
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a strong genetic component to affect the individual

susceptibility to infectious pathogens*#+¢, although to date,

no single allele has not been clearly associated with HBV
persistence or disease severity. However, the following reflects
individual and ethnic differencesin responseto HBV infection.

(2) 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 carrierg*”.
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. spousesin HBV-
infected families) never develop the disease. This suggest
the existence of an individual-specific resistance to HBV
infectionl*3,

(3) There is adifferent 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?®®.,

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

(5) Around 85 % of hedthy 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 factorsmay provide critical clues
not only to the ethnic diversity of HBV infection, but also to
the issue of disparity in therapeutic response'®. The human
genome project has indicated that there are approximately
thirty-five thousand genesin 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™3. If a specific SNP
version is associated with afavorable outcome and low risk of
progression of HBV infection and liver disease, the allele may
be considered an * HBV resistant’ allele. Conversaly, aversion
of the SNP that confers an unwanted HBV phenotype (quick
disease progression or high risk of severe infection) may be
caleda‘' HBV susceptible’ allele. Current research isfocusing
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!?”.
Conversely, agenome-wide search scans markers throughout
the whole genome in search of chromosomal regionsthat 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 rolein the host response to HBV infection and
disease progression. Major genes involved in the process of
HBYV infection can beidentified by characterizing host response
to HBV exposure such asclinical response, biological response
(intensity of infection), and immunological response (levels

of antibodies, cytokines or cell-mediated response against
HBV)1, These biological processes may then suggest genes
of interest for screening. Many of the candidate genesfall into
the following categories: (1) genes that mediate the processes
of viral entry into hepatocytes, including genesinvolved 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 alterationsin liver tissue; (4) genesinvolved in
the development of liver cirrhosisand hepatocellular carcinoma
associated with chronic HBV infection, including genesrelated
to mother-to-infant transmission of HBV infection; and (5)
those that contribute to resistance to antiviral therapies'®®,
Thisstudy istill initsearly stages, and much more remainsto
be done on candidate genes, including the clarification of
sequence, identification of mutant SNPs, functional evaluation
of SNPs, and evauation 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
rolesin host immune responseto vira infection, they areamong
the first HBV candidate genes screened.

HLA class | and Il alleles

The genesfor HLA class| (HLA-A, -B, and -C) and class 1
(HLA-DRB1, -DQA1, -DQB1, -DPA1, and -DPBL1) arelocated
on the short arm of chromosome 6. As the primary modul ator
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 mgjority of the human genetic studies
associated with HBV infection has focused on HLA
associations?y. Thursz et alinvestigated a large cohort of
pediatric patients from Gambia and identified the association
of the HLA class Il allele DRB1*1302 with a self-limiting
course of acute hepatitis B[22, Hohler et al*”. confirmed the
effect of DBR1*1302 in Gambian adults that seemed to clear
the HBV infection in vivo. Thio et al!®! 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 virusand HLA phenotypes?. Recently, Diepolder et
al reported that HLA-DR13 dleleis less frequent in patients
with chronic hepatitis B than in healthy controls or subjects
with a self-limiting hepatitis B!?%. Additional study has
confirmed astrong association between the HLA class|| dlele
DR13 and a salf-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. Thebeneficia effect of HLA-DR13 dllele
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| alelesand 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 mechanismg®.
Future studies have to investigate whether one of these
polymorphisms or ayet unidentified immunoregulatory gene
is possibly associated with amore successful immune response
against HBV?#7,
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Cytokine and chemokines

Sinceindividual variation in cytokine release is predominantly
caused by polymorphisms near or within the genes'?29,
heterogeneity of the candidate gene in HBV-infected patients
serves as a probable biomarker for influence the disease
phenotypes. Severa pro-inflammatory cytokines such as Thl
cytokines(including IL-2 and IFN-g) and tumor necrosisfactor-
alpha (TNF-a) have been identified as participating in the vira
clearance and the host immune response to HBV. In contrast,
the Th2 cytokine IL-10 serves as a potent inhibitor of Thl
effector cellg*.

Tumor necrosis factor (TNF)-a is an important cytokine
involved in noncytotoxic antiviral mechanismgsY. This gene
islocated within the class 111 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]52%,
Miyazoe et al reported the TNF-a gene promoter
polymorphismswere not linked to disease progression in HBV
carriersin Japan®?, however both Hohlert®3 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-a, which may block HBV gene expression.
Similar to TNF-a, IFN-gclears HBV in vivo by anoncytolytic
effect. Hoffmann et al*®. showed that the Asian population
contains more | FN-g genotypes that result in low expression
than do Caucasian populations, which suggests the possibility
of an association between low IFN-gexpression in the highly
HBV -susceptible Asian population.

The promoter region of |L-10 gene contains three SNPs at
position -1082 (A/G), -819 (T/C), and -592 (A/C), which may
assort into three different haplotypes®. Miyazoe et al analyzed
the distributions of TNF-a and IL-10 promoter SNPs in
Japanese HBV-infected petitents and found that the -819T and
-592A wild-type allelesin the IL-10 gene promoter were
significantly more common in asymptomatic carriers than in
patients with chronic progressive liver diseases®, suggesting
that inheritance of the IL-10 gene promoter polymorphismsis
relevant to progression in chronic HBV infection, perhapse
due to decreased I1L-10 production induced by -819T and -
592A haplotype alele.

Mannose binding protein (MBP)

MBP is a calcium-dependent opsonin that plays an important
rolein innate immunity by activating the classical complement
pathway and phagocytosis. There are three identified
polymorphismsin 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
HBYV infection®. The higher frequency of the codon 52
mutation among the HBV patients than among controls is
probably consistent with the fact that the mutation leadsto the
failure of opsonisation and phagocytosisof HBV. Y uen et al*,
reported that the codon 54 mutation was associated with
symptomatic persistent viral infection in Chinese patients. In
German Caucasians and Gambians, these M BP polymorphisms
were not associated with chronic infectioni?,

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®t.

Thusfar, reports from various laboratories have shown some
inconsi stencieswith 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 thevirus and host multiple aleles;
(2) the ethnic differences in the studied groups; (3) an
association with agenein linkage disequilibrium with an HLA
alele. Therefore, aglobal 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 afraction of thetotal picture.
The most successful example is the identification of CCR5
delta32 allelein HIV-1 infection’®3. Since genetic interactions
are complex, it is unlikely that a single allelic variant is
responsible for HBV resistance or susceptibility!“l. However,
the collective influence of several SNPs or haplotype(s) may
exert the natural combinational or synergistic protection against
HBV . Recently devel oped genetic epidemiol ogy strategiesand
dense genome-wide search, together with the growing
availability of candidate alleles and suquence information
supply abasic 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 hepatitisislikely to involve acomplex 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?’. 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 significancein termsof individual susceptibility
to HBV infection. The ongoing study of the distributions and
functions of the implicated allele polymorphismswill 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*.
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Abstract

AIM: To investigate the alteration of the annexin | 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 | 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 | protein also
expressed dispersively in cytoplasm and the nuclei without
specific localization on the nuclear membrane. In esophageal
cancer annexin | 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 | 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 | 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 | from cellular
membrane to the nuclear membrane in human esophageal
squamous cell carcinoma. World J Gastroenterol 2003; 9(4):
645-649
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INTRODUCTION

Annexin | isamember of annexins, an evolutionary conserved
multigene family, which are cal cium 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+, Asasteroid-regulated protein
annexin | hasbeen found to participateinthe cell differentiation
and anti-inflammatory effectd® 4. It is also a major substrate
of EGF receptor, which related to endocytic trafficking and
sorting of EGFR in multivesicular endosomes®. The annexin
I modulates the signal transduction through MAPK/ERK
pathway and, specifically, inhibits the activities of
phospholipase A2 7. Recent studies describe increased
expression of annexin | in human hepatocellular carcinoma
but it is absent in several types of carcinomas, such as human
esophageal cancer and prostatic neoplasm!® . We have found
that annexin | isclearly lost in ESCC, akind of major diseases
and the 4" killer of malignant tumorsin China, and it seems
that the annexin | protein plays an important role in the
carcinogenesis.

Itiswell known that the protein subcellular localizationis
avery 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 | in both normal epithelia
and ESCC mucosa will give us some clues to address the
functions of annexin | 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*neutral formalin and embedded in paraffin.
Cell line Human ESCC cell line, EC0156 was generated in
our laboratory from an ESCC tissue.

Antibodies Commercid available antibodiesincluded annexin |
monoclona antibody (Santa Cruz Biotechnology Inc., SantaCruz,
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

Cdll cultures The human esophageal cancer cell line EC0156
was cultured in Dulbecco’ smodified Eagle’ smedium (DMEM)
with 10 % fetal bovine serum and antibiotics (penicillin and
sreptomycin) a 37 ‘C in ahumidified atmosphere with 5% CO..
Indirect immunofluor escence staining™ For immunaostaining,
ECO0156 cells were grown on glass-coverslips at 80 %
confluence and fixed in 4 % paraformaldehydein 100 mmol - L
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PBS (pH=7.4) for 15 min at room temperature. After three
washeswith thebuffer (25 mmol- L*HEPES, 1 mmoal- L CaCl,,
1 mmol- L*MgCl, and 10 g- Lt BSA), the paraffin embedded
tissue sections were deparaffinized and hydrated through
xylenes and graded acohol series, and then rinsed for 5minin
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 | monoclonal antibody was
diluted to 1:200 and PBS was used as negative control) and
the cellswereincubated at 4 'C 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.

Thiswas followed by alast washing step (3x5 min, in PBS),
then the cells were rinsed with distilled water, air dried and
mounted on glass dides using Cytoseal 60 mounting medium
(Stephens Scientific). Cells were then analyzed and images
were obtained with a fluorescence microscope (Olympus
BX51, OLYMPUSOPTICAL CO.,LTD., Japan).

RESULTS

Localization of annexin | in normal esophageal epithelia
Annexin | protein was mostly located on the cell membranein
a granular pattern and some of them on the nucleus and
cytoplasm aswell 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 makestypical trammel net. Annexin
| also expressed in the cytoplasm and nuclei dispersively
without specific localization on the nuclear membrane.

Figure 1 The localization of annexin | in normal esophageal epithelium. The normal esophageal epithelia on the paraffin-embed-
ded tissues were detected with anti-annexin | monoclonal antibody and imaged with TRITC-conjugated goat anti-mouse antibody,
and then observed under a fluorescence microscope (a, d, e, fand g). PBS was used as a negative control (a 50x), the tissue section
was viewed under a Nomarski interference-contrast microscopy (b 50x) and the additional H & E staining was also performed (c
200x). The localization of annexin | protein in normal esophageal epithelium was shown from d to g (d 200x; e 400x; f 400x and g
400x). The orientation of the bottom left corner was the basal membrane of the esophageal mucosa.
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Translocation of annexin | protein in ESCC

Figure 2 (c, d, eandf) showed clearly that the beautiful trammel
net of annexin | 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 | on
the cellular membrane decreased very sharply with unequal

distribution or scattered disappearance. |n the meantime, we
also found the nuclear membrane localization of annexin |
protein had appeared and increased very obvioudly (shown by
the yellow arrows), which has never been found in normal
esophageal epithelia. However, the expression of annexin | in
nuclear plasma had been decreased distinctly.

Figure 2 The translocation of annexin | protein in ESCC. Paraffin-embedded tissue sections of ESCC were detected with anti-
annexin | antibody and annexin | 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 200x; ¢ 400x). A
hyperplasia of esophageal epithelia were shown in Figure 2 (a and b, b 200x) and there were basal papillae displaying bound-
ary area of the epithelium, which consecutively expressed annexin | formed the typical trammel net on the cellular membrane.
Annexin | protein was decreased sharply and translocated from cellular membrane to the nuclear membrane (d 200x; e 400x; f
400x). The yellow arrows showed the nuclear membrane localization of annexin | in ESCC and all of the materials were from a

same ESCC case.

Nuclear membrane localization of annexin | on ESCC cell line
In order to further confirm the localization of annexin | protein
in ESCC, a human esophageal cancer cell line, EC0156 was
used to inspect the distributions of annexin | by indirect
immunofluorescence staining. Annexin | 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
| proteinswere also expressed on cytoplasm, cellular membrane
and nuclear plasmaas well.
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Figure 3 The localization of annexin | in ESCC cell line. EC0156
cells were grown on glass coverslips at 80 % confluence, de-
tected with the anti-annexin | 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 100x). Annexin | was observed by fluorescence
microscope (b 400x and ¢ 1 000x). The red arrows showed that
annexin | protein was also located on nuclear membranes in
ECO0156 cells.

DISCUSSION

Annexin | protein belongs to afamily 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 | was stained in agranular pattern
in the monolayer but in an envelope pattern in the stratified
keratinocytesl. The subcellular localization of annexinsin
rat was mainly found in the cytoplasm and nucleus of the
mesangial cellg'?, and in cytoplasm of mast cells*3. By the
localization of annexin I, I1, VI and X111 in epithelial cells of
intestinal, hepatic and pancreatic tissues of the rabbit, Massey-
Harroche et al*¥ 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 | contribute to its
versatile functions.

Recently it has been found that annexin | isdrastically down-
regulated in esophageal cancer and assumed that the it may
play akey role in the tumorigenesis of ESCCI8%> 8, 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 | in ESCC cell line, normal and cancer
esophageal epithelia by indirect immunofluorescence strategy.
It was found that annexin | 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 | 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 | had been broken
and the holes on the net had been fused together. Theexpression
of annexin | 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 | 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 trand ocation of the subcellular localization
of annexin | may be correlated with thetumorigenesis of ESCC.
AnIHC analysisof annexin | in ductal epithdid cellsof 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 varioustypes
of breast cancer. Thereforeit ismost likely involved in an early
stage of human breast cancer development. Annexin | expression
might also correlate with breast cancer progress*™.

Annexin | appeared to be cleaved by neutrophil elastase at
the N-terminal portion between Val-36 and Ser-37 to yield a
33 kDaprotein. Cleavage of the N-terminal portion of annexin
| was accompanied by a marked change in the annexin |
isoelectric point (pl) value (from 6.0 to 8.5-9.0) and greatly
diminished its functional activities. The findings demonstrate
that annexin | degradation in epithelial lining fluid is closely
related to lung inflammation!*9,

The mechanisms of annexin | localization are acomplexity.
A study showed calcium induced translocation of annexin |
into subcellular organelles and secretory vesicles in human
neutrophils, which suggested annexin | might contribute to
the secretory process in neutrophils®. Other studies also
showed that dexamethasone and IL-6 could affect the
locdization of annexin I. In A549 human adenocarcinomacell
line dexamethasone could inhibit EGF-stimulated cytosolic
PLA2 activation and arachidonic acid release. Annexin |
participated in thisregulated pathway. Dexamethasoneinduced
annexin | phosphorylation and translocation mediated by
glucocorticoids receptor, then brought about a competition
between annexin | and Grb2 leading to afailure of recruitment
of signaling factorsto EGFR. In U937 cells dexamethasone
also caused translocation of annexin | from the intracellular
compartment to the cell membrane®!. Solito et al reported that
induction of annexin | protein and its translocation to the cell
membrane were stimulated by interleukin 6 and a unique 30
bp region of the annexin | promoter, which was critical for the
responsiveness of the reporter geneto I1L-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 |1 phase proteinf2X,

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 | 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?,

In summary, we have first detected the translocation of
annexin | from cellular membrane to nuclear membrane in
ESCC cells. It seems that the subcellular localizations of
annexin | are closaly related to its functions and the aterations
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 | 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
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC), the major
histological form of esophageal cancer, is one of the most
common maignant tumorsin Chinaespecialy in the north part
of the country. Human ESCC carcinogenesis is a multistage
process involving multifactorial etiology and genetic-
environment interactiong*3. Patients with ESCC have a poor
prognosis, with 5-year survival rates of lessthan 10 %, because
of the rapid spread and of the cancer associated malnutrition
due to dysphagia and cachexia®. The molecular mechanisms
that underlie the tumor formation and progression are still not
completely perspicuous, although several progresses based on
alterations of gene expression® and disregulated proteins, such
asannexin I8 and tumor rejection antigen'™ in esophageal cancer
viaproteomic approaches have been reported recently. Discovery
of new markersto 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
genesand proteinsare currently availabl€®9. It would be possible
to undertake comprehensive profiling of tumor at the proteomics
leve to identify protein dterationsthat are unpredictableat either
the genomics or transcriptomics leveld'%. 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
approachesisacurrently critical issue®*2,

Tumor associated proteins as well as post-translational
maodifications can be identified via proteomic methodol ogies.
In the present study, we used the 2-DE/mass spectrometry (M S)-
based proteomic analysisto profilethe proteinsin serum of ESCC
patients. We analyzed 17 pairs of patient-matched pre- and post-
surgery aswell asnormal and tumor serafrom ESCC patientsto
discover the alterations of expression profiling. We first found
the clugterin isloss in both serum and tissue of ESCC.
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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 (CAMYS) (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. Seradescribed in Table 1,
were centrifuged at 3000 g at 4 ‘C for 15 min. Both tissue and
serum sampleswere snap-frozenin liquid nitrogen immediately
and then stored at -80 C. The tissues were homogenized in
five volumes of lysis buffer [BM urea, 4 % CHAPS, 2 %
Pharmalyte, pH 3-10, 10mM DTT] and centrifuged at 12 000 g
at 4 'C 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-Norl5 M 68 MDSCC
M162Q-Nor34 M 72 MDSCC
M168Q- Norl6 M 70 MDSCC
M180Q- Nor66 F 65 HDSCC
M180Q- Norl0 F 65 HDSCC
M181Q- Nor97 M 57 MDSCC
M192Q- Nor36 M 68 MDSCC
M193Q- Norl9 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-methylenebisacrylamide, N, N, N', N’ -
tetramethylethylenediamine, tris base, glycine, SDS, DTT,
CHAPS, Immobiline Drystrips, PG buffer, IPG cover fluid,
LMW protein marker were from Amersham Pharmacia
Biotechnology Inc. (Uppsala, Sweden); lodoacetamide wasfrom
Acros (New Jersey, USA); Sequence grade Trypsin was from
Washington Biochemical Corporation; Trifluoroacetic acid
(TFA) was from Fluka (Switzerland); Trizol™ Reagent and
Transcriptase SuperScript 1™ were from Gibco BRL; PVDF
membranewasfrom Bio-Rad; Tagq DNA polymeraseand dNTPs
were from TaKaRa; All other reagentswere of analytical grade.

Analytical 2-DE

All seraor cell lysates were quantitated by Bradford assay. 2-
DE was performed by standard procedures as described®2
using precast I1PG strips (pH3-10 linear, 18 cm, Amersham
Pharmacia Biotechnology Inc.) in the first dimension,

isoelectric focusing (IEF). Briefly, 180 g proteins were diluted
to atotal volume of 350 i with the buffer [8 M urea, 2 %
CHAPS, 0.5 % IPG buffer 3-10, 20 mM DTT and atrace of
bromophenoal blue]. After loaded on I1PG strips, |IEF was carried
out according to the following protocol: 6 hours of rehydration
a0V;6hoursat 30V; 1 hour a 500 V; 1 hour a 1 000 V and
5 hoursat 8 000 V. The current was limited to 50 A per gel.
After |EF separation, the strips were immediately equilibrated
2x15 min with equilibration solution [50 mM Tris-HCI, 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 stripswere 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 °C) using Ettan Dalt Il system
(Amersham Pharmacia Biotechnology Inc.). Gelswere 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 gelswere 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 |ate.

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 opagque and colorless with
25 mM ammonium bicarbonate/50 % acetonitrile. After dried
with vacuum concentrator (SpeedVac Plus, USA) the gel was
rehydrated with 3-10 mi trypsin solution (10 ng/m) at 4 °C for
30 min and then incubated at 37 “C overnight. Tryptic peptides
were eluted and dried on SpeedV ac 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
peaksof 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://ww.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

Tota RNAswereisolated from esophageal cancer tissuesusing
TRIzol reagent (Gibco BRL) according to the manufactures
ingtructions. First strand cDNA was reversely transcribed from
5 pg total RNAs using SuperScript I1 kit (Life Technologies)
at 42 °C for 50 min. Clusterin was amplified by the primers
(left: 5> ACCTCACGCAAGGCGAAGAC3’, right:
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 mg/ml aprotenin, 20 ng/ml leupeptin
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and 1 mM AEBSF]. The protein concentrations were
determined using Bradford method. Five microgramsof 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 °C 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 PharmaciaBiotechnology Inc.) and using
anti-a-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 serafrom same individual and morethan
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 pl 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).
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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 theloss of clusterin wasinduced
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 serafrom 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).
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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.
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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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Figure 4 (A) Western blot analysis of clusterin proteins expressed in patient-matched normal and tumor epithelium; (B) Western

blot analysis of clusterin proteins expressed in two kinds of esophageal squamous cell carcinoma, EC0156 and EC0132. Alpha-
tubulin was used as a loading control. (C) Expression analysis of clusterin in patient-matched esophageal cancer tissues by semi-

guantitative RT-PCR. GAPDH was used as an internal control.

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 acommercially available antibody, clusterin
has a so been found down-regulated at different ESCC tissues
(20/24), but absent in two kinds of cell lines of esophageal
sguamous cell carcinoma, EC1 and EC2 (Figure 4A, B). At the
transcriptional level, clusterin was also found lower-expressed
in 88 % of esophaged cancer tissues (22/25) by semi-quantitative
RT-PCR (Figure 4C). Thefindings of tumor tissue and cell lines
were consistent with the findings of ESCC serum.

DISCUSSION

Toidentify 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 seraof 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. Therewere 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 atumor-associated serum marker in esophageal squamous
cell carcinoma via proteomic approaches for the first time.

Clusterin, so-called the testosterone-repressed prostate
message-21*3, sulfated glycoprotein 2, complement-associated
protein SP-40, complement cytolysis inhibitor, a 80 kDa
heterodimeric highly conserved secreted glycoprotein
expressed in awide 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 proteinsin a
folding-competent state and promotion or inhibition of
apoptosi g1+,

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 severa neurodegenerative conditions mostly related to
advanced aging!*”?. 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 agonistsand
TGF betd®!. Clusterin has been found up-regulated in several
cases of in vivo cancer progression and tumor formation
such as human prostate carcinomas*®24, renal cell carcinoma
(RCC)®2 | breast carcinoma”, ovarian cancer??, glioblastoma,
testicular tumor cells, the normal and cancerous endometrium,
hemangiomal?”, anaplastic large-cell lymphomas!?,
transitional cell carcinoma (TCC) of the bladder’®?, 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 awide variety of stimuli®?® and
using antisense oligonucleotides of clusterin, also could
enhance androgen sensitivity and chemosensitivity in prostate
cancer therapy™®. Onthe other hand, it hasrecently been shown
that decreased synthesis and delayed processing of clusterin
intesticular germ cell tumors, colorectal cancer!*5*? and human
polycystic kidneys cellg4%2, However, there is no definitive
biochemical evidenceto support aspecific 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®3. 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 studiesindicated that genetic instability may play
an important rolein gastric carcinogenesis!. Thereare 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) aswell asmicrosatellite stable (M SS), 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
nuclectide level, and the consequent widespread M S|4,

Mismatch repair isrequired 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 celld¥. M Sl 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 mutationsin MMR genes,
principally hMSH2 and hMLH1%%9_ |n contrast, somatic
mutationsin MMR genes are relatively rarein sporadic M S|+
colon cancerd®*. Rather, the majority of negative mutation,
MSI+ casesinvolve hypermethylation of the hMLH1 promoter
and subsequent lack of expression of hMLH11%>8, 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 carcinomain our
hospital. Each specimen was frozen immediately and stored at
-80 °C until analyzed. A 5 mm section was cut from each tissue
and stained with hematoxylin/eosin in order to ascertain
whether the cancer cellsin 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 (amean of 56.2 years
at diagnosis). None of the patientsincluded 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. PCR reactions were carried out in 50 pl reactions
in thin-walled tubesin 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 asfollows; hMLH1-4F and hMLH1-
4R, 0.16 pM each; hMLH5-10F and hMLH5-10R, 0.125 pM
each; hMLH11-13F and hMLH11-13R, 0.094 pM each; and
hMLH14-19F and hMLH14-19R, 0.125 pM each. The
reactions were carried out according to the manufacturer’ s
instructions. In brief, the conditions were as follows: a hot
start of 94 °C for 2 min, with the addition of Tag Pol in between,
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followed by eight cycles of 98 ‘Cx20 sec, 69 'C x1 min (with
decrements of 0.5 “C/cycle), and 68 °C x12 min; six cycles of
96 C x20 sec, and 68 Cx12 min; 16 cycles of 96 C x20 sec,
and 68 ‘C x12 min (with incrementsof 15 sec/cycle), and finaly
achain extension of 72 ‘C 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.GA®
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
Exonsl11-13
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 Clamp® Productsize T,° 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 ATAAAT.TAT.TTT.CTG.TTT
CAT.CCT.GCT.ACT.TTG.AGG
3 40 237 32.22 GGA.AAATGA.GTAACATGA
2 TGT.CAT.CAC.AGG.AGG.ATA
4 2 218 36.26 ACC.CAG.CAG.TGAGTT.TT
40 GCC.CAAAAT.ACATTT.CAG
5 40 170 30.19 ATATTAATT.TGT.TAT.ATT
CAATTT.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 4221 GAC.AAT.AAATCC.TTG.TGT
50 AAGATT.TTT.TTATAT.AGG
9 40 249 33.73 TTT.GAG.TTT.TGA.GTATTT
TGG.GTG.TTT.CCT.GTG.AGT
10 50 240 41.47 CAC.CCC.TCA.GGA.CAG.TTT
ACA.TCT.GTT.CCT.TGT.GAG
111 50 145 40.58 AGG.TAATTG.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 TTITTTT.TTT.TTT.TAATAC.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.TTACCT.GTT.TTT.TGG
5 GTA.GTA.GCT.CTG.CTT.GTT
15 40 179 29.97 CAG.CTT.TTC.CTT.AAA.GTC
CAG.TTG.AAATGT.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. "\GClampsm
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.cCcC.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; “TM is given in %UF.

After checking and visualizing the long PCR productson a
0.8 % agarose gel, 1 of thelong 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 1xPCR buffer, 7 mM MgCl,, and 0.25 mM
each dNTP. Cycling conditionsincluded ahot start of 3 min at
94 °C with the Tag Pol added after 2 min, followed by five
cycles of 94 ‘Cx1 min, 52 Cx45 sec (decrements of 1 ‘C/
cycle), and 72 °C x1 min; 15 cyclesof 94 Cx1 min, 48 ‘Cx45
sec, and 72 °C x1 min, 30 sec (with increments of 2 sec/cycle);
15 cycles of 94 °C x1 min, 38 C x45 sec, and 72 ‘Cx1 min 30
sec. Each PCR reaction was teminated with a round of
heteroduplexing: 72 °C x10 min, 98 °C x10 min, 45 °C x30 min,
and finally 37 ‘Cx30 min. Each tube reaction was directly
mixed with 1/10 volume of 10xloading buffer, 6.5 pl of
multiplex group | and 8.5 pl of multiplex group Il were loaded
onto aslab gel for size separation.

Table 2 Multiplex groups for short PCR

Multipex group | Multipex group Il

Exon Final concentration Exon Final concentration

11.1 0.375 uM 5 1.5 pM
15 0.5 UM 2 1.25 uM
121 0.375 UM 7 1.75 uM
17 0.5 uM 4 1.625 pM

8 0.375 UM 11.2 0.5 M
18 1.25 M 6 1.625 UM
14 1.25uM 9 1.5 pM

3 0.625 M 1 1.25 uM
10 0.625 pM 13 1.625 uM
16 1.0puM 122 0.325 pM
19 1.75 M

Two-dimensional electrophoresis For two-dimensional
electrophoresis, the DGGE instrument wasfrom CBS Scientific
Co. (Solana Beach, CA. Amplicons from each of the two
multiplex reactions were mixed and subjected to
electrophoresisin 0.5xTAE (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 ‘C. The
separation pattern was detected by SYBR green staining and
UV-transillumination of the dab gel. The 120-to 420-bp region
inthe middle of each lane was quickly cut out and applied to a
1mm thick DGGE gel.

The DGGE gdl was prepared asa 1 mm thick dab gel with a
10-6.5 % reverse polyacrylamide gradient containing 25-70 %
urea/formamide (UF) and 3-9 % glycerol gradients.
Electrophoresiswas carried out for 16 hr at 56 ‘C and 90-110V.
After electrophoresis, the gels were stained with SYBR-green |
and Il 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 M 13 primer site was incorporated at one end.
These products were sequenced on an ABI 377 sequencer (Foster
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City, CA) with kits containing Tag FS DNA polymerase and
dye primer technology, as recommended by the manufacturer.

hMLH1 methylation analysis

DNA methylation patternsin the CpG idands of hMLH1 gene
were determined by Methylation-specific PCR(MSP) as
described™®, The primer sequences of hMLH1 for unmethylated
resctionwere5 -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™. 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 markersin each tumor, carcinomas were characterized as
MSI-H if they manifested instability in two or more markers,
MSI-L if unstablein only one marker, and M SSif they showed
no instability in any marker(t%20,

Statistical analysis
Chi-squaretest with Yates correction were used. A P vaue<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 locuswas observed in 17 (25 %) of 68 tumors, among
which eight (11.8 %) were MSI-H, nine (13.2 %) were M SI-
L, and fifty-one (75 %) were MSS.

NT NT NT NT NT
L
-
——
: e —
N -
i
BAT25 BAT26 BAT40 D2S123 D5S346

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

M utations and sequence ateration in various exons manifested
asthefour-spot pattern denoting aheterozygousvariant (Figure
2). We found three mutations in 68 (4.4 %) gastric cancer by
DNA sequencing. Two mutations were caused by asingle bp
substitution (exon 8 at codon 226, CGG—CTG, Arg—Levu;
exon 9 at codon 252, TCA—TTA, Ser—Phe);. Oneidentical
change was caused by a2 bp substitution (exon 12 at codon
409, CAG—CGT, GIn—Arg), which displayed similar DGGE
band pattern. A comparison of MSI status with hMLH1
mutation was shown in Table 3. ThreehMLH1 mutationswere
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 hAMLH1, we
adapted MSP for the5 CpG idandsin thisgene. Theregion
chosen spaned the area of greatest CpG density immediately
5’ to the transcription starting site, in an area previously
studied for methylation changes®®. 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 MS|-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).
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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)°

MSS 48 3(5.9)¢

®P<0.01; 9P<0.001 vs MSI-H group.
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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 for
24-72 h. MTT assay was applied to detect the cell proliferation.
[®H]-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. [*H]-TdR
uptake by SGC-7901 cells was reduced to 33.6 % after 48 h
treatment with 2 mmol- L 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%, 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 carcinomaisas high as 16 per
100 thousand™. Environmental factors, diet that is highin salts
and low in fresh fruit and vegetables are regarded as the risk
of stomach cancer’?9, Although plenty of advances have been
made in the gastrointestinal medicine, theinability to diagnose
early and treat effectively of the gastric cancer remains an
unsolved problem for cliniciang”#,

Chemoprevention and chemotherapy including the use of
natural products, synthetic compounds or dietary substances
are promising ways to stop or reverse the process of
carcinogenesig?4. Large number of minor dietary components
has been found to inhibit carcinogenesis at various stages®.
Tributyrinisaneutra short-chain fatty acid triglyceride existed
in some spice plants at low levelsin nature®, and has been
approved as afood additive in the United States?. Tributyrin
is also a pro-drug of natural butyrate synthesized by the
bacterial fermentation of various complex carbohydrates
unabsorbed in the digestive tract!® and has been reported
bearing anti-tumor effect on neoplastic cellg?:2% % aswell as
inhibiting proliferation and stimulating differentiation in
multiple cancer cell lines. Most importantly, tributyrin ismore
lipophilic compared with the butyrate and can be metabolized
by the intracellular lipases, progressively releasing
therapeutically effective butyrate directly in the cell25 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.

Inthis study, we aretrying 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 Ingtitute of Cell Biology, Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in Dulbecco’ s Modified Eagle Medium (DMEM; Life
TechnologiesInc., Grand Idand, NY') supplemented with 10 %
fetal calf serum (FCS; Life Technologiesinc., Rockville, MD),
penicillin (100 kU- L) and streptomycin (0.1g- L) a 37 C in
a5 % CO,-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. [*H]-TdR was
obtained from Amersham Company.

Assessment of cell proliferation

MTT assay was conducted to determine the cell proliferation.
SGC-7901 cellswere seeded in a 96-well plate (1x10* well?)
asdescribed previously!®., In brief, after 24 h incubation cells
were treated with tributyrin for three days and untreated cells
served asacontrol. Prior to the determination, 5 L of the 2.5
g- L stock solution of 3-[4,5-dimethylthiaolyl]-2,5-diphenyl-
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tetrazolium bromide (MTT) was added to each well. After 4
h incubation, the culture media were discarded followed by
addition of 100 nL of DM SO 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 %.

[*H]-TdR incorporation

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

Transmission electron microscopy

The cultured cellstreated with 2 mmol - L2 tributyrin for 48 h
weretrypsinized and harvested, respectively. Subsequently the
cells were immersed with Epon 821, embedded in capsules
and converged a 60 C 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 ethanol/phosphate-
buffered saline (PBS), stained with 5 mg- L-* 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 formaldehyde, then treated with
proteinase K and H,0O,, labeled with fluorescein dUTP in a
humid box at 37 “C 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 cellswere washed with PBS
twice and fixed with 700 mL- L ethanol at 4 ‘C overnight.
The fixed cells were washed twice with PBS and stained with
800 niL propidium iodide and 200 ni. deoxyribonul cease-free
ribonuclease A in PBS. The fluorescence density of propidium
iodide-stained nuclei was determined by flow cytometry.

Western blot analysis

The experimental cellswerelysed in lysis buffer [25 mmol - L+
HEPES, 1.5 % Triton X-100, 1 % sodium deoxycholate, 0.1 %
SDS, 0.5mol- L'*NaCl, 5 mmol- L EDTA, 50 mmol- L NaF,
0.1 mmoal- L sodium vanadate, 1 mmol - L* phenylmethylsulfonyl
fluoride (PMSF), and 0.1 g- L leupeptin (pH7.8)] at 4 'C with
sonication. The lysateswere centrifuged a 15 000 g for 15 min
at 4 ‘C and the proteins were separated on SDS-PAGE,
transferred to nitrocellulosefilter 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’ st 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
cellsin adose- 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, respectively. It was noted that tributyrin at
50 mmol- L* had an inhibitory effect of more than 90 % on the
tumor cell growth after 48-72 h treatment. The | C5, value of
tributyrin for SGC-7901 cell at 72 hwas2 mmol- L.

125
[J 0 mmol-L*
100 |- II - T [ 0.5 mmol-L*
11 mmol-L?
§ 25 [ - [ 2 mmol-L*
< i [ 5 mmol-L*
..(2 = M 10 mmol-L*
© 50t 50 mmol-L?
-3
25 -
0
1 2 3
Time (d)

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 ICs, value of tributyrin was 2 mmol- L, the
concentration was used for the following assay. Tributyrin
inhibited the [*H]-TdR uptake by SGC-7901 cellsin atime-
dependent manner. Compared with the control, the DNA
synthesis of tumor cellswas 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).
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Figure 2 Inhibitory effect of tributyrin on DNA synthesis in-
corporated with *H-TdR. With the concentration of 2 mmol-L?,
tributyrin inhibited the [*H]-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 exposureto 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 cellslabeled with Hoechst-33258 al so 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* 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 for 2 days.

A 8007 apoptosis AP:5.79% C 800 7 apoptosis  AP:27.97 %

0 PR 04
0 50 100 150 200 250

Counts
Counts

T T T T 1
0 50 100 150 200 250

FL2-Area FL2-Area
B 800:% apoptosis  AP:8.57 % | 8007 apoptosis AP:61.82 %
%] 3 2] E
s s 1
8 1 o 4
O s T T T T 1 0 3 T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
FL2-Area FL2-Area
E 80 oun
07 DOasn -
S e60F O 72n m
2 50f
o
5 40
o
£ 30t
20 +
10 F
ol 1T
0 0.5 2 10

Concentration (mM)

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 respectively for
48 h. (E) Apoptosis rates in SGC-7901 cells treated with 0.5, 2
and 10 mmol - L* or without tributyrin for the indicated times.
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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 analysisin 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 atime- and dose-dependent manner. When treated
with 2 mmol- L tributyrin for 72 h, the experimental SGC-
7901 cells showed a41.5 % 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
whilethat of Bax displayed an increased trend. PARP cleavage
in the experimental cells appeared at 0.5 mmol- L and was
obviousat 2 mmol- L of tributyrin treatment for 48 h (Figure 7).

1 2 3 4
Bcl-2 ﬁ -
=
~  HH
-
PARP —--q—- -
B

Actin h'. ' — —

<—110kDa
<~ 85kDa

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?, respectively.

DISCUSSION

It has been reported tributyrin, asubstance that naturally exists
in somefoods, 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®2%. 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 cellsin adose-
and time-dependent manner, which might be caused by DNA
synthesis arrest as shown in our experiment via preventing
SGC-7901 cellsfrom progressing into S-phase and ultimately
blocking the cell proliferation. Theinhibition of DNA synthesis
was more than 90 % when SGC-7901 cells were treated with
tributyrin at 2 mmol- L-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 anatural process of cell
suicide which plays a critical role in the development and
homeostasi s of metazoans* 1. Our resultsthat 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-G; peak by
flow cytometry.

Apoptosisis a complex process regulated by a variety of
factorg®¢*, The members of the Bcl-2 family are important
regulators in the apoptotic pathway with individual members
that can suppress (eg Bcl-2, Bcl-xI) 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-homol ogous 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 awide variety of stress applications that
lead to cell death!*® 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 ¢ and caspase-3 activation. On the other hand, the
cleavage of PARP, one of caspase-3 downstream target!*?, 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 cellsin 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, apromising anti-
tumor agent, for the treatment gastric cancer was warranted.
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Abstract

AlIM: 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 1, 11, 11l and 1V gastric carcinoma
(P>0.05). ERmMRNA was expressed in all 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 ERmMRNA
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
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INTRODUCTION

Gadtric carcinomaisthe most common cause of cancer mortality
in Chind*® 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 |ed to the use of chemotherapy
and radiotherapy as adjuvant or palliative means, but their value
is limited because of toxicity and lack of efficacy!™3. Since
Jensen discovered the existence of estrogen receptor (ER) in
the cytoplasm of human mammary cancer cellsin 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 weretype |, 8 typell, 8
type Il and another 8 type IV.

ERmMRNA in situ Hybridization

The dides were treated with 3-amino propyltri-ethoxy saline
(APES) and with polylysine. The slides were deparaffinized,
hydrated and treated with 30 mL/L H,O, at room temperature
for 10 minutes to eliminate the endogenous peroxidase. The
slideswere incubated with freshly diluted protease K (1:1 000
with 0.01 mol/L Trisbuffer saline (TBS)) at 37 C for 5to 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 C water for 5 to 10 minutes, and then taken out and
immediately put in shattered ice for 5 minutes. After the dlides
became dry in the air, 10 nL 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 2xSSC at
20-30 C for 5 minutes and with 1xSSC at 37 °C for 10miutes,
incubated with mouse anti-digoxin at 20-37 “C for 30 minutes
and washed with 0.5 mol/L PBSthreetimes, each for 2 minutes.
The slides were then incubated with anti-mouse biotin IgG at
20-37 °C for 20 minutes, washed with 0.5 mol/L PBS three
times, each for 2 minutes and again incubated with SABC at
20-37 °C for 20 minutes, washed with 0.5 mol/L PBS four
times, each for 5 minutes. The color reaction was devel oped
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 dices 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, al under 45 years
old, were collected and trested in the sameway asin the gastric
cancer specimens.

ER Immunohistochemistry

Consecutive 5 nm 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 minutesto eliminate
the endogenous peroxidase, washed with PBS three times,
digested with 10 g/L trypsin for 15 minutes (37 ‘C), washed
with PBS three times, heated to 95 “C 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 “C). 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 devel oped 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 alabeled 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 c? 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
theintensity of positive reaction were uneven (Figure 1). The
smooth muscle cells and the lymphocytesin 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 cellswas different
in different fields. It was greater in somefields, with 34 positive
cellsin 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 [V, 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, I, Il and IV (P>0.05).
ERmMRNA expression was also found in tubular
adenocarcinoma, poorly differentiated adenocarcinoma and
signet ring cells (P<0.05, Table 1).
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Figure 1 ER positive expression in gastric carcinoma tissue
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Figure 2 ER mRNA positive expression in gastric carcinoma
tissue in situ hybridization x100.

ER expression had a high positive rate in females above 55
years old and in males under 55 years old (P<0.05). And
ERmMRNA 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 ERmMRNA
(P>0.05, Table 1). Theincrease of ER positiverateis associated
with theincrease of theinvolved regiona lymph nodesincluding
the upper and lower parts of pylorus, the greater and |esser
curvatures of the stomach and the lymph nodes on both sides of
cardia (P<0.05). There seemed to be atendency that theincrease
of ERMRNA postive rateis associated with the increase of the
number of the involved lymph nodes (P>0.05, Table 1).

To compare the immunohistochemistry resultswith 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).
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Table 1 Relationship between ER, ERMRNA expression and pathology in gastric cancer
Male Female Total
Pathology
n ER(+) % ERMRNA+) % n  ER(+) % ERmMRNAM+) % n  ER(+) % ERMRNA(+) %
Borrmann | 3 1 33.3 1 333 3 0 0 2 66.7 6 1 16.7 3 50.0
1 4 1 25.0 3 75.0 4 2 50.0 3 75.0 8 3 375 6 75.0
11 4 1 25.0 3 75.0 4 2 50.0 4 100.0 8 3 375 7 87.5
v 4 2 50.0 4 1000 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 1000 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 1 333 4 0 0 3 75.0 7 0 0 4 57.1
Involvemen £3 4 1 25.0 3 750 5 3 60.0 4 80.0 9 4 44.4 7 77.8
4~6 6 2 33.3 5 833 5 3 60.0 5 1000 11 5 455 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 11 733 15 7 46.7 13 86.7 30 12 40.0 24 80.0
DISCUSSION more evidence to support®. Takano et al reported the

In 1960 Jensen reported for the first time that after injecting a
physiological dose of *H-E;, into the hypoderm of a young
mouse, the amount of *H-E, found in the tissues of uterus,
vaginaand other partswasfar 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 acompound 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 ahormone 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 casesis
hormone-dependent tumor, but the molecular mechanisms
underlying carcinogenesis are still largely unknown(3171, A
lot of documents have proved that molecular biology playsan
important role in the development and metastasis of some
cancers, such as endometrial adenocarcinomal*®2%, |ung
cancer?, breast cancer'?®, apocrine carcinoma®!, leukemia®
and prostate cancer!**44, But there are very few studies on the
ERmMRNA 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. Y anzuoshaner 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(z) (4.3 %), 111 cases were
ER(-) (79.3 %). Recently, a new estrogen receptor, called
estrogen receptor beta, has been found to be expressed in
varioustissuesincluding normal gastrointestinal tract, the effect
of estrogen in stomach cancer, aswell asin 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

expression of estrogen receptor-alpha and ER-beta mRNASsin
human gastric cancers, and the results showed that the
expression of estrogen receptor-alpha and ER-beta mRNASs
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 casesthan in
unchanged cases'¥. 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?1, 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 I, and most cases of the
histological type were undifferentiated!*>9,

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
methodsin examining ER protein, the molecular hybridizations
in examining ERMRNA has a higher sensitivity**, By using
Northern hybridization method Hankin found that the
ERmMRNA positive rate of breast cancer was 87.0 %. But by
using the ®*H-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
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that ERmMRNA had a high positive expression rate, which was
also found in tubular adenocarcinomaand poorly differentiated
adenocarcinomaof 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 bethat in situ hybridization probe could hybridize
with mRNA which directsthe 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 bedefectspresent in ER protein synthesisafter transcription.
ERMRNA positive signal was also present ininterstitial smooth
muscle cells and lymphocytes, which suggests that estrogen
can regulate not only epithelia cells but also interdtitial 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

AlM: 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 asatonic
inthetraditional Chinese medicine. It has been used extensively
as an adjuvant*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-d?. Lau’ s study showed that it also restored the
chemiluminescent oxidative burst activity of murine splenic
macrophage suppressed by renal cell carcinoma®. 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 1L-2 and the associated toxicity™. In addition,
AR also could promote the proliferation of B cell and the
production of immunoglobulini®and has a bidirectional
modulating effect on T cells. It wasreported that it could reduce

the suppressive activity of Ts in post-burn micel” and also
increase Th cell activity in immunodepressed mice®.
However, there was no report on whether AR affects tumor
cells growth directly. In this paper, we studied the effect of an
agueous extract of AR on the growth of different cancer cdll 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
isacdl line of moderately-poorly differentiated adenocarcinoma
and KATO-II1 isacell line of signet ring carcinoma. HT29 is
acell line of colon cancer and MDA231 isabreast 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
RPM11640 medium supplemented with 10 % FBS, 100 U/ml
penicillin, 100 my/ml streptomycin and Glutamine (GIBCO
BRL, Life Technologies, Grand Idand, NY, USA) inahumidified
atmosphere of 95 % air with 5 % CO, at 37 ‘C asamonolayer.

Preparation of herbal extract

AR was purchased from Da Xing Chinese herbal medicines
storein DC, USA. The agueous 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 mm filter (Corning, Costar, NY, USA)
and reached afina concentration of 80 mg/ml. The solution
was aliquoted and stored at -20 “C for future use.

AR treatment

The herbal treatment was modified from the anti-cancer drug
screening program of natural product branch in NCI®. Cells
were harvested by trypsinization when they were confluenced.
1x10* and 3x10° cells were seeded in each of the 96-well and
6-well plates respectively and cultured in RPM 11640 medium
supplemented with 5 % FBS for 24 hours. Then different
concentrations of AR were added in each well to attain aseries
of different concentrations (1, 12.5, 25, 50 and 100 ng/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 theratio of 20:1 immediately before being added
to the samples. 20 m of MTS/PM S solution was added to each
of the 96-well plate and incubated at 37 °C in ahumidified 5 %
CO, atmosphere for 3 hours. The absorbance was read at 490
nmusing Bio-Tek’ s Power Wave x reader-assay system (BIO-
TEK IngtrumentsINC, VT, USA). Each samplewastriplicated.

*H-thymidine incorporation assay

Cell DNA synthesis was measured by ®*H-thymidine
incorporation assay. At the end of herbal treatment, 1 nCi of
®H-thymidine was added in each well of a96-well plate. Then
the plate was incubated at 37 C in a humidified 5 % CO,
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atmosphere for 4 hours and stored at -70 °C overnight. On the
second day, the frozen plate wasthawed at 37 C 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

Cellswere 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*? with
some modification. Briefly, 1x10° cellsin 0.5 ml were lysed
in 1 ml DNA lysis buffer containing 1 M Tris-HCI, 0.2 M
EDTA, 4 M NaCl, 20 % SDS and 400 ng/ml proteinase K)
and incubated at 37 °C 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 C 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 mg/ml RNase | and incubated at 37 °C for 1 hr.
Equal amounts of DNA (10 ng/well) were electrophoresed
in 1.8 % agarose gels impregnated with ethidium bromide
(0.1 mg/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/CPM control-OD/CPMtest)/OD/
CPMcontrolx100 %. Student’ s t-test was used to compare
theresults. All P valueswere 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 MEL 14, measured by MTS
method. It was found that after 48 hours incubation, 100 ng/
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, MDA 231,
MEL7 and MEL 14. 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 g/
ml, AR had a dose-dependent inhibiting effect on AGS growth
and almost completely inhibited the AGS growth at the
concentration of 50 ng/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 cellswere stained blue. However,
at the concentration of 100 ng/ml, AR showed cytotoxicity on
AGS, of which the cell number was lower than the initial
cell number.
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Figure 1 Effect of AR on the growth of 6 cancer cell lines. Cells
were treated with AR at the concentration of 100 ng/ml for 48
hrs and cell growth was measured with MTS method.
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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 mg/ml, AR was not cytotoxic to AGS cells. But at the
concentration of 100 mg/ml, it showed cytotoxicity on AGS.

Dose-dependent and time-dependent effects of AR on AGS growth
The dose-dependent and time-dependent effectsof ARon 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 mg/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 12" hour and the effect was also improved
linearly while prolonging the incubation time.
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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 ng/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 ng/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 synthesisof AGS. It was dso observed that the inhibiting
effect of AR increased sharply from the concentrations of
1 ng/ml to 25 ng/ml and it increased slowly from then on.
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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 ng/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 ng/ml and
the inhibiting effect was dose-dependent.

Effect of AR on AGS apoptosis

DNA fragmentation method was used to observe whether
apoptosiswasinduced in AGS by AR. AGS cellswere 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 isatonic herbal medicine which is used as an adjuvant
extensively in the treatment of various cancers, such as lung
cancer, digestivetract cancers, renal cancer, bladder cancer>2,
melanoma and AIDS*2. 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-g. 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
MDAZ231 and melanoma cell lines of Mel7 and Mel 14 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. AGSand KATOIII aretwo different gastric cancer
cell lines. AGS is a moderately-poorly differentiated
adenocarcinomacell linewhile KATOIII isacdl 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 effecti*®*¢. We determined whether theinhibitory
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 hoursincubation. The cell number in testing group
treated with 1 mg/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 ng/ml
to 100 nmy/ml were significantly lower than that of the control
group and but higher than the initial cell number except for
thetesting group treated with 100 mg/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 ng/ml. So theinhibition effect of AR at the concentrations
of 50 ng/ml or below was not cytotoxic while AR is cytotoxic
to AGS cell at the concentration of 100 ng/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 nmg/ml and the corresponding
inhibition rate was 60.48 %. AR came into effect at the 12"
hour and reached its peak at the 48" hour.

One characteristic of the tumor cellsis that their rapid
proliferations are accompanied by DNA synthesisand 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 ng/ml to 25 ng/ml, then
it reached a plateau. So AR might suppress AGS cell growth
through inhibition of DNA synthesis. The inhibition rates of
AGScdll 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 measurementsused in cell growth evaluation.
MTS reflects the cell growth at the level of cell respiration
whiletritium labeled thymidine incorporation assay at thelevel
of DNA synthesis. When the cellular DNA synthesis is
suppressed, the cells might be in an inactive status in which
the cells could till respire. So theinhibition rate of cell growth
expressed by MTS is lower than that expressed by tritium
|abeled thymidine incorporation assay.

Apoptosis is a kind of programming cell death whose
impairment may induce cell immortality and carcinogenesis*™.
Some agents such as aspirin, indomethacin and arsenic
trioxide**® and some herbs such as Anemarrhenaasphodel oides
Bunge, Albizzia Lucidior I. Nielsen and Paeoniae radix**21
were reported to havethe ability of inducing apoptosisin gastric
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cancer cells and inhibiting their growth. However, apoptosis
could not be observed in AGS cellstreated 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 AGSisnot through the mechanism of cytotoxic
or apoptosis.

The agueous 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?, astragal oside??, and
flavonoids?®! 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 vivol?>#1, 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®3Y. So selenium might play acritical rolein AR
inhibiting AGS growth.

In conclusion, the inhibitory effect of AR on the growth of
gastric cancer cell line of AGSis mainly cytostatic.
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Abstract

AlIM: 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 isakey enzymein the conversion of arachidonic acid to
prostaglandin, and two isoforms of COX, namely COX-1 and
COX-2, have been identified®2. COX-1 is constitutively
expressed in many tissues and is considered to beinvolved in
various physiological functions, whereas COX-2 is induced
by pathological stimuli, such asinflammation, various growth
factors and cytokines produced by tumor cellg*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“'%. In rodent models of FAP, a genetic disease
leading to colonic carcinoma, blockade of COX-2, suppresses
intestinal polyp formation!*¥. Increased COX-2 expression has
been reported in colorectal, pancrestic, hepatocellular and other
cancerd>?, 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 metastasi §2-2,
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 paracanceroustissues (morethan 5 cm away from thelesion)
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.Histologicaly, they were
classified by the WHO criteria, 5 were highly differentiated
adenocarcinoma, 10 moderately-differentiated, 27 poorly-
differentiated, 3 undifferentiated. Asregardsto the size of cancer,
20 were <5 cm, 25=5 cm. 33 tumorsinvaded to the serosaand
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 mm.
The dlices carrying the detected antigen were dyed with SP
immunohistochemical staining method, and thosein the control
group were dyed according to the above method, with the first
antibody substituted by PBS.

Statistical methods
The datawere presented as x+s; numerical variable by c? test;
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enumeration data by t test; COX-2 relationship with MV D 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 wereidentified 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 score0, 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 (x40),then selected the
most dense area of microvessels was selected to be observed
under high power (x200, the surface area of every visual field
was 0.785 mm?), and the number of microvesselsin 3 visud
field were counted and took the average as MVD of this
specimen?,

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
paracanceroustissues 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 (c?=18,
€?=6.09, P<0.005, P<0.05, respectively). The positive COX-
2 staining was mainly diffusely located as brownish yellow
stained granulesin the cytoplasm. Immunohistological analysis
revealed cytoplasmic staining in the neoplastic cells (Figurel),
atypical hyperplasia and intestinal metaplasia. In addition,
COX-2 was aso detected in the angiogenic vascul ature present
within the tumorsand preexisting vascul ature 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
granulesin the cytoplasm of vascular endothelia cell (Figure
3). New blood vesdesin 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, MV D expression
and the pathological features were shown. Both COX-2 and
MV D 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.
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Figure 1 COX-2 expression in gastric adenocarcinoma.

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

.. h

Figure 3 CD3, 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
<5cm 15(75.0) 60.64+18.55 20
=5cm 20(80.0) 55.68+17.98 25
Depth of invasion
Invading serosa 29(87.88)2 57.01£18.79¢ 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)° 58.60+18.24¢ 36
negative 4(44.44) 43.54+15.05 9

Note: well differentiated cancer cells include highly and
moderately differentiated ones: poorly differentiated cancer



676 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

April 15, 2003 Volume 9 Number 4

cells include poorly differentidted and undifferediated ones.
3P<0.05 (c?=5.23), vs the rate of COX-2 expression in gastric
carcinomas not invading serosa; "P<0.05 (c?=5.08), vs the rate
of COX-2 expression in gastric carcinoma without lymoph-node
metastasis; °P<0.05 (t=2.44), vs MVD in gastric carcinomas not
invading serosa; “P<0.05 (t=2.28), vs MVD in gastric carcinomas
without lymph-node metastasis.

DISCUSSION

Human gastric mucosanormally expresses no detectablelevels
of COX-2 proteini?"#l_|n 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 hyperplasiaand intestinal metaplasia. A similar pattern
of COX-2 expression has previously been found in human
gastric cancer*4, 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 arelatively 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 aresult of transfection promoted invasivenessin wild type
human colon carcinoma cell lines through the induction of
metalloproteinase-2 and membrane-type metalloprotei nase®!.
Rat intestinal epithelial cellsthat 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-b
receptor®, 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 angiogenesisis
emphasized. One of the mechanisms by which PGE, supports
tumor growth is by inducing the angiogenesis necessary to
supply oxygen and nutrientsto tumors >2 mm in diameter®"=,
Masferrer’™ reported that SC-236, a COX-2-selectiveinhibitor,
was effective in reducing angiogenesis driven by bFGF in the
meatriel rat model, whereas SC-560, a COX-1-sdlectiveinhibitor
wasineffective. He also observed COX-2 expression in newly
formed blood vessel swithin 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®?. 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 vesselsto
sustain tumor cell viability and growth. COX-2 was also
expressed within atypical hyperplasia, intestinal metaplasiaand
neovascul ature in the paracancerous tissue, indicating COX-2
may promote precancerous lesion to cancer by new blood
vessel formation.

MVD isardliableindex of tumor angiogenesis“Y. Wefound
that the MV D 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-
2ingastric 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 factorsinvolved in gastric carcinoma angiogenes's.
In addition, MV D in the specimenswith lymph node metastasis
was significantly higher than that without and it was also
correlated closely with the depth of tumor invasion,suggesting
that tumor angiogenesisin 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 aswell astumor 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 MV D, suggesting
COX-2 might be involved in tumor angiogenesis in gastric
carcinoma, it islikely 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 developmentsin the molecular characterization of
human tumors and a better understanding of tumor
immunology have led to the identification of different kinds
of tumor-associated antigeng™®. 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®?. Many
promising results have been achieved in tumor immunotherapy

using peptides derived from CT antigend*®*, |dentifying new
CT antigens and evaluating their possible application in the
clinic have become a hot spot in thisfield.

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, hepatocel lular
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
testig¥. Studies on HCA587 may play important rolesin
transformation, metastasis, diagnosis and immunotherapy
of HCC.

The bac-to-bac baculovirus expression sysemisan eukaryotic
gene expression system which allows the rapid and efficient
generation of recombinant baculovirus DNAs by site-specific
transposition in E.cali, rather than homol ogous recombinant
in insect celld*>1%, 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 serafrom 81 HCC patients.

MATERIALS AND METHODS

Expression system, insect cells and sera

The Gibco BRL BAC-TO-BAC Baculovirusexpression system
congistsof the trangposing vector pFasBacHTb, CELLFECTIN
reagent and Max Efficiency DH10Bac competent cells which
contain Bacmid (bacul orivus shuttle vector plasmid) and helper
plasmid to be used to generate recombinant Bacmids. 9 insect
cellswere cultured at 27 °C in SF-900 SFM (Cdll 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 astemplate.
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
Hindll1. The fragments of interestswere purified and recovered
from gel using clontech DNA purification system. After ligated
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by T4 DNA ligase, the ligation mixture were transformed into
DH5a competent cells. The recombinant plasmid pFasBac
HTb-587 was identified by restriction endonuclease digestion.

Generation of recombinant bacmid DNA

Recombinant pFasBac HTh-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 Luriaagar plates with 50 ng/ml kanamycin,
7 mg/ml gentamicin, 10 ng/ml tetracycline, 100 ng/ml Bluo-
ga, and 40 ng/ml IPTG. After 36 h incubation at 37 C, 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 9 insect cellsusing CELLFECTIN reagent.
For each transfection, 9x10° cellswere seeded in a6-well plate
and allowed to attach for at least 1 h. The Lipid reagent and
Bacmid DNA were diluted separately into 100 pl 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 cellswere
incubated for 5 h at 27 °C, rinsed, and incubated for another
72 h. Recombinant baculovirus were harvested from
supernatant and titrated by viral plague 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 9 cellsat 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 6xhistidine tag
at N-terminal, it was purified using Ni-NTA resin conveniently
according to the manufacturer’ singtructions. 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 serafrom 81 HCC patients. The serum
was diluted 1/250 as primary antibody, and rabbit-anti- human
1gG, 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
HCAS587 in the recombinant pFasBacHTb-587. The gel
electrophoresisin 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 sdeof themini-attTn7 sitewith thelacZ a-complemention
region of the Bacmid. Amplification products from
transposition of recombinant bacmid-587 generated a band of
3.5kb (lanel,2) while amplification of the non-recombinant
Bacmid plasmid generated a 300bp band (lane3,4) (Figure 3).

«~ 1.2kb

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

<~ 6.0kb
<~ 4.8kb

<~ 1.2kb

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

< 3.5kb

<~ 300bp

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 wasisolated 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 cellswithout
transfection (lane 3). Vira plague assay showed the viral titer
could reach 5x108 pfu/ml after amplifying the primary virus
in 9 suspension cell culture.

— r <~ 43kd

<~ 26kd

sl

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 1x10° 59 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 9 cells were lysed directly in SDS-
loading buffer and boiled for 5 min. All sampleswere 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.
2 3 4 5
| | <~ 43kd

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 hasthe
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
HCAS87

To determine the anti-HCA587 antibody produced in HCC
patients, Sera collected from 81 allogeneic HCC patientswere

screened to test their reactivities with the recombinant protein
HCAS587 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). Thislow late of serological reactivities was also
shown in other CT antigens®.

1 2 3
il -! |
— |
6lkd —
45kd =~ “ ~ 43kd
36kd >
-
L
-

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).

1 2345678 91011121314151617181920

I
L

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

45kd — — 43kd

DISCUSSION

HCA587 was one of the SEREX -defined CT antigensidentified
from HCC patientsi*. The protein of HCA587 was
immunogenic and capable of inducing an antibody response
asit 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 aso
been identified by SEREX!718, this suggests that HCA587, as
aCT antigen, may possibly contain both B and T epitopesand
can elicit CTL responses. Because CTLs represent a major
arm of the immune response against cancer, the elicitation of
aspecific CTL response against tumor Agsis one of the main
aims of current immunotherapy trial. Therefore, it is crucia to
define CD8* T cell epitopesin 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 tumorigenesig*4. Current
knowledge about this expression pattern is mainly based on
RT-PCR analysis, not based on protein levelsi**21, So
immunohistochemical analysis of HCA587 antigen expression
in HCC tissuesis 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 coloniesis not mixed with parental viruswhich
eliminate the need for multiple rounds of plaque purification.
High-titer virus are produced from theinitia 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 Hindl 11 sites.
The recombinant bacmid-587 was constructed by transposing
amini-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 histags at its N-termianl,
which makes the purification procedure more convenient with
its high affinity to Ni-NTA resin23,

Western blot analysis showed that the recombinant protein
HCAS587 has the similar immunological reactivity with its
natural counterpart (Figure 6). It was used as antigen to screen
the generation of anti-HCAS87 antibody in serum from HCC
patients. The results proved that HCC patients was able to
develop humoral immune response to HCA587 antigen, but
thefrequency is not high (2/81). Thislow rate of seroreactivity
to alogeneic serais similar to some other CT antigens, either
defined by a CD8* CTL response (MAGE-1)? or by SEREX
(SSX-2)1, In asurvey of humoral responses of cancer patients
against recombinant tumor antigens, it wasindeed shown that
seroreactivity to MAGE gene productsis uncommon, and sera
from 234 cancer patients showed antibodiesto MAGE-1in 3,
to MAGE-3in 2, and to SSX-2 in 1 patient!®!. Since many
members of MAGE family have been shown to be recognized
by CTL from cancer patients?-%9, 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

AlIM: 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 2P-labeled cDNA probes synthesized from
RNA isolated from Human hepatoma cell line HLE and non-
cirrhotic normal liver which was liver transplantation donor.
Atlaslmage, 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, epsl15, 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
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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**%, 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, havetheir limitationsincluding requirement of large
amounts of RNA, time-consuming, and limited number of
genes being tested simultaneously. Hence, analysis of
expression profiles of alarge number of genesin hepatoma
cell lineis 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 sequenced'®?, 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 specimenswereimmediately frozeninliquid
nitrogen once obtained.

Cell culture

The HCC cdll line HLE, epithedlial-like cells, established from
HCC patient in 1975 by Dr Dor was used in this study. HLE
was cultured in RPM11640 (Sigma, Saint Louis, USA) media
containing 10 % fetal bovine serum, 1 % penicillin and
streptomycinina37 ‘C incubator. Cellswere harvested at 70-
80 % confluence.

RNA isolation and purification

Total RNA of normal liver tissues was obtained by extracting
frozen tissuesin Trizol (Life Technologies Inc., Gaitherbur,
MD) according to themanufacturer’ singtructions. Normal liver
were made in spices and homogenized in Trizol solution
(1 mI/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 a-2P dCTP using Superscript™ Preamplification system
for First Strand cDNA Synthesis Kit (Life Technologies,
Gaithersburg, MD) following the manufacture’ sinstructions.
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 “C for 2 hr, and hybridization was performed at 68 C for
18 hr in rolling bottles. The membranes were washed strictly
and exposed to X-ray films (Fuji Films, Tokyo, Japan) at -70 C
for 1-3 days.

Image and analysis

The images were scanned with Fluor-S Multilmager (Bio-Rad,
Hercules, CA) and analyzed with Atlasimage analysis software
Versgon 1.01a(Clontech, Pao Alto, CA). Human glyceral dehyde-
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 unigque gene expression level was acquired.
Genes were considered to be up-regulated when the intensity
ratio was 3 1.5 or the difference was 3 10 000 between the
expressions of HLE and normal liver tissues.

Semi-quantitative RT-PCR

To confirmthe 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 °C (3 min);
24 cyclesof 94°C (309),60 C (305)and 72 °C (459); then 72 °C
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 andreverseprimer 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
inal1l.5 % agarose gel containing 2.2M formaldehyde, and
then transferred onto anylon membrane (Zeta-Probe, Bio-Rad,
USA) by capillary action. RNA was permanently attached to
themembrane by UV illumination for 150 s (GS Gene Linker,
Bio-Rad, USA). The hybridization probe was obtained by
PCR. The primerswere asfollows: b-actin, forward primer 5’ -
CGTCTGGACCTGGCTGGCCGGGACC-3 andreverseprimer
5" -CTAGAAGCATTTGCGGTGGACGATG-3 ; TFDP2,
forward primer 5 - GGAGTCAGGCAAATGCTCTC-3' and
reverseprimer 5 - CTGCCCTCAGTATCCCTCAC-3' ; E2F3,

forward primer 5’ - AAGAGCAGGAGCAGAGAGATG-3

and reverse primer 5’ - TTTGACAGGCCTTGACACTG-3' .
a-*P-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 ‘C
for 24-48 h.

RESULTS

Atlas human cancer cDNA microarray expression profile
Using acDNA expression microarray technique we established
the expression profile of 588 genes selected from different
areasin human hepatomacell 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 geneswas similar at the sametimeindicating
that the results were credible. GAPDH was used to normalize
theintensities. 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 3 1.5 or the difference between two 310 000 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

Fék 0361  -7908
B7g 0412  -9606
ASb 0484  -8262
C5f 0487  -8154
ESb 0504  -14946
Déc 0662  -10998
B7j 0664 -12474
F5I 0732 -12132

TDGF1 + TDGF2 + TDGF3

SKY (DTK) (TYRO3) (RSE)

ERK activator kinase 1; MAPK/ERK kinase 1 (MEK1)
Epidermal growth factor receptor substrate (eps15)
Rho GDP-dissociation inhibitor 1

Semaphorin E

Tyrosine-protein kinase ABL2 ; tyrosine kinase ARG (ABLL)
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

C71 1.381 14882
A3i 1387 14088
C7’m 1401 13224
cén  1.444 11820
D3e 152 17176
D4b 161 16212
D2n  1.692 19718
Cla 1804 15096
Adj 2.008 17856
Dlb 2.038 20026
A7d  2.06 18522
A2k  2.061 18084
D4j 2.178 27156
D4k 2252 28122
A7g  2.257 13428
Dla 231 29184

Retinoic acid receptor gamma

CDK inhibitor p19INK4d

Retinoid X receptor beta (RXR-beta)

Sex gene

Vitronectin precursor; serum spreading factor;
Integrin alpha8

TENASCIN-R

DNA-dependent protein kinase (DNA-PK)
Extracellular signal-regulated kinase 6 (ERK6) (ERK5)
Byglycan

Type |l cytoskeletal 11 keratin; cytokeratin 1 (K1; CK 1);
Cyclin C G1/S-specific

Integrin beta7

Integrin beta8

Type |l cytoskeletal 4 keratin; cytokeratin 4 (K4; CK4)
Cartilage-specific proteoglycan core protein
(CSPCP); aggrecanl

Abi 2418 10668 E2F-3

B4ad 2474 11814
AbI 4.256 37824

Aktl; rac protein kinase alpha; protein kinase B; c-Akt
DP2 dimerization partner of E2F
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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 *2P-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 resultsfor 2 genes were consi stent with hybridization
data after normalization. Among the 24 paired tissues, the RT-
PCR results of 2 geneswere identical to the microarray results
and the constituency was TFDP2 17/24, E2F3 16/24,
respectively (Figure 2).

TFDP2
GAPDH

E2F3

Figure 2 Partial semi-quantitative RT-PCR for 2 genes in 24
paired tissues. A total of 10 nl 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 tissueswere 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).

TFDP2 . ' - W .

b-actin ‘. R

N C N C N C N C

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 ng
RNA was analyzed on a 1.2 % denaturing agrose gel and trans-
ferred onto a nylon membrane. **P-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 C. The same membranes were rehybridized
with human b-actin for an RNA loading control (N, adjacent
normal liver tissue; C, human HCC tissue).

DISCUSSION

Inthis study, we explored the gene expression profilesin 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 geneson a
single hybridization. Although human genome projects have
generated a large-scale sequence data for millions of genes,
the biological functions of such genesremain 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
simultaneoudly is required. Microarray techniques have been
developed in this conditions?. The gene expression profiles
obtained from microarray technique was first reported in
19950, 1t might be useful for tumor classification, elucidation
of key factor in tumors, and identification of genes?+27.
Several genes related to cell cycle regulators, growth
regulators were abundantly up-regulated in our HCC samples.
E2F-3 is atranscription factor that plays an important role
during the cell cycle of proliferating cells, its products are rate
limiting for initiation of DNA replication?®, 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?*3, TFDP2 gene is a member of the TFDP genes
family of transcription factors. TFDP2 protein can form
heterodimerswith E2F family proteinsin vivo. The E2F-TFDP
transcription factors are major regulators of genes that are
required for the progression of S-phase and they play acritical
rolein cell cycle regulation and differentiation®. TFDP2 may
plays amajor 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!. The up-
regulation of E2F-3 and TFDP2 may play an important rolein
HCC cell proliferation.

Protein kinase B (PKB)/Akt is a growth-factor-regulated
serine/threonine kinase which contains a pleckstrin homology
domain®. Activated PKB/Akt provides a survival signal that
protects cells from apoptosis induced by various stresses, and
also mediates anumber of metabolic effects of insulint®. The
up-regulation of Aktl may have agreat help for tumor cell to
survive from apoptosis.

In our study, genesrelated 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) isa
nuclear protein serine/threonine kinasethat isactivated 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®.
DNA-PK may haverolesin controlling transcription, apoptoss,
and the length of telomeric chromosomal ends. The DNA-PK
complex isregulated in a cell cycle-dependent manner, with
peaks of activity found at the Gy/early S phase and again at the
G, phase in wild-type cellg%,

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 osteopontinin
cell adhesion or neurite outgrowth assays®7. Integrins are
heterodimeric cell adhesion proteins connecting the
extracellular matrix to the cytoskeleton and transmitting signals
in both directionsg®. The up-regulation of Integrin may play a
rolein HCC metastasis.

In conclusion, our study demonstratesthe cDNA array isa
powerful tool to explore gene expression profilesin 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
34.914.1 %. 48 h after adding 1x10M retinoic acid, EGFP
expression rate was 14.7+3.5 %. The activity of AFP gene
promoter was significantly suppressed by addition of 1x10'M
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
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INTRODUCTION

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

annually. Although many new methods appeared as palliative
protocolsin the past 30 years, patient survival after onset of
symptoms remained dismal*3. Surgical treatment such as
resection or orthotopic liver transplantation is potentially
curative only for patients with small and localized HCC.,
Transfer of therapeutic genes to tumor mass or to the
peritumoral tissues provides a promising new approach for
cancer therapy!>3. Both viral and non-viral vectors were used
to transfer genetic material to the interior of target cellg.
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!®. This resultsin a much higher therapeutic index.
Alpha-fetoprotein (AFP) isover expressed in about 70 % of
HCC cases*¥. Severd groups have used AFP promoter or/and
enhancer to control foreign gene expression in different vectors
(2233 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’ sresponse to the addition of ATRA weretested
using reporter gene vector pEGFP-1.

MATERIALS AND METHODS

Reagents

Reagents were obtained asfollows: EX Tag DNA Polymerase,
DNA Ligation Kit Ver.2, restriction endonuclease (TakaRa
Biotechnology (Dalian) Co. Ltd.); DNA isolation and
Purification kit (ShangHai ShunHua Biotechnology Ltd.);
Lipofectamine™ 2000 (Invitrogen); IPTG, X-ga, 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 11 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. Thisvector 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 hepatomacell lines produce
or do not produce AFP. Helais human cervica cancer cell line,
al Cell lines were cultured in Dulbecco’ s modified Eagle’ s
medium, high glucose content, containing 10 % heat-inactivated
feta calf serum, 100 unitsml penicillin, 100 pg/ml streptomycin,
0.292 mg/ml glutamine. The cell lines were incubated in a
humidified 5 % CO, and 95 %air incubator a 37 °C.

Polymerase chain reaction (PCR)
The primer sequences used for PCR were used as reported* 191,
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For PCR amplification, genomic DNA were extracted from
1x10° HepG2 cells and digested by EcoR I/Xho |. PCR was
performed in atotal volume of 50 pl consisting of 1 uM each
primer, 200 uM each dNTP, 5 pL 10xpolymerase reaction
buffer, and 1.25U EX Tag DNA Polymerasewith 1 L digested
DNA. The samples were heated to 94 °C for 5 min followed
by amplification for 30 cycles of 30sat 94 “C, 50s at 55 C,
and 1 minat 72 °C. After thelast cycle, afinal extension step
wasdoneat 72 ‘C for 7 min. Then 10 pl of each PCR product
was analyzed by 1 % agarose gel (containing 0.5 pg/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 11 ks(+).
The positive clones were selected from the transfected DH5a
and performed as described in referencel®®. The constructed
plasmids (designated as ks-e, ks-p) were identified by
regriction 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 (€) and promoter (p) were
released by EcoR I-Sal |, and Sal 1-BamH | double digestions
respectively, and inserted into the EcoR |- BamH | sitesof
PEGFP-1. The Recombinant was identified by restriction
endonuclease digestion. The restriction maps of pEGFP-1-EP
were shown in Figure 1.

Bglll  Xhol Hindlll EcoRI HindIM

pEGFP-1-EP 399
(5 132bp)

Figure 1 Gene map of pEGFP-1-EP.

Transient EGFP expression

18 hours before transfection, 2x10° HepG2, SMMC-7721 and
Helacellswere plated into 12-well culture plates. At the bottom
of eschwell, asterilized coverdip wasplaced in advance. When
the plated cells were 90 to 95 % confluence, transfection was
performed with 1 pg of DNA (pEGFP-1 or pEGFP-1-EP) per
dish, using Lipofectamine™ 2000 reagent according to the
manufacturer’ sinstruction. 48 h after transfection, thecellswere
washed twice with cold PBS (0.01M) and fixed with4 %
paraformaldehydefor 30 min at room temperature. Coversips
were then mounted directly onto aglass slide with atiny drop
of 50 % glycerol in PBS (9.1 mM Na,HPO,/1.7mM NaH,PO,
/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 cellswere passaged at a 1:4 dilution into fresh
medium. The next day, selective medium (G418 400 pg/mL)

wasadded to the cellsfor screening of stable lines of transfected
cells. After culturing for an additional 2 weeksin G418, cells
expressing EGFP fluorescence were selected using a
fluorescence-activated cdll sorter. The EGFP-poditive cellswere
maintained in growth medium supplemented with 400 pg/mL
G418. For RA regulation studies, stably transfected cells were
plated on 12-well dishesat 1x10° cells'well in growth medium
with G418, incubated overnight, then changed intothe medium
with or without all-trans retinoic acid (1x10°M, 2.5x10"M,
1x10%M 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 timesin triplicate, the
datawere presented as the mean + SEM, and compared by
Student’ st 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 fragmentswas 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 Il ks(+)
vector. The DNA Sequencing results confirmed that DNA
sequence of both fragments was correct.

A B C

2 000bp
1 000bp
600bp
400bp
200bp

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
| and BamH | restriction site on each side. The size of pEGFP-
1 was 4.2 kb, which had Bglll and Hind |11 sitesin the 3' -side
of MCS. The expressing vector pEGFP-1-EP was digested by
Bglll/Sal I/BamH |, and Xho I/BamH |, and Hind II1
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 simultaneoudly. 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.

A B C D E
2 OOObpl
1 000bp |
600bp
400bp
200bp

Figure 3 Enzyme digestion analysis of the recombinant ex-
pression vector. A. 200bp DNA marker; B. pEGFP-1-EP (Bglll,
Sal I, BamH I); C. pEGFP-1-EP (Xho I, BamH 1); D. pEGFP-1-EP
(Hind 111); 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
cellswere 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 cellswithout retinoic acid and
14.743.5 %, 13.5+2.7 %, 12.1+3.9 % in cellsadding 1x107M,
2.5x107M, 1x10°M retinoic acid (Figure 5). Transcription
activity of modified AFP cis-acting element was suppressed by
adding either concentration of retinoic acid (P<0.05).

L

A
| , A .
01 1 10 100 1000 01 1 10

T T T T T T T T T

100 1000

Figure 5 The expression of EGFP suppressed by ATRA. A.
stable expression of EGFP in HepG2; B. expression of EGFP
suppressed by 2.5x10°"M 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)**, But HCC
frequently occursin patientswith liver cirrhosis, the potentially
toxiceffects of gene transfer may have marked deleterious
consequences, so the targeted gene transfer or the specific
expression of transfected genesto hepatoma cellsisvital for
gene therapy of HCC.

A practical system to ensure tumor-restricted expression
of the transgenesisthe use of tumor-specific promoters. Since
elevated levels of AFP have been observed in about 70 % of
hepatocellular carcinomas?, using AFP transcriptional
seguence to achieve hepatocellular carcinoma specific gene
expression isan ideal way. Arbuthnot et al® 23, 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 cellswith AFP expression. Similar results were reported
by Kanai et al'®. 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 hasalarge and complex transcription control
region which is located within aregion from -7.6 kb to the
transcription starting site. It contains the promoter, the
enhancer, and the silencer that contain specific binding sequences
for thetranscription factorsand provide precisely regulated AFP
genetranscription?* %1, Mogt investigators have used human AFP
5" -flanking region that includingthe dl thetrans- and cis-acting
elementsfrom AFP5’ -flanking sequences® 2629 as a hepatoma
specific regulation element. Although this sequences can
achieve sufficient cytotoxicity in AFP-producing hepatoma
cells, but also induce akilling effect on hepatic stem cells that
also express AFP and appearin the injured liver, thus resulting
in damage of the hepaticreserve 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 istoo weak to be
used in targeting gene therapy. In this study, we subcloned the
minimal essential enhancer region (-4.0to -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 (SMM C-7721) and nonhepatoma cells (Hela). So
this minimal cis-acting element well conserved the specific
transcription characteristic of AFP 5’ -flanking sequences. This
element isvery small (1.0 kb) and fitsto the package capacity
of most conventional gene therapy vectors.

The expression of AFPisunder the control of retinoic acid
which both activates and represses AFP expression in different
cell lines® 34, Within the AFP gene regulatory region three
elements determining sensitivity for retinoic acid have been
revealed. One of them islocalized in promoter (-139/-127 bp)
and overlaps with other transcription factor binding sites®Y.
Theinfluence 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 elementd®d. Activation of the AFP gene by
RA had been reported in McA-RH8994 and F9 cell lines®34,
while AFP was down-regulated by RA in the humanhepatoma
cell line Hep3B. How can RA regulate the expression of AFP
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in HepG2 humanhepatomacell lineisrarelysreported. 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 1x107 M ATRA. So when we
use this transcription element asa regulator of anti-tumor gene
the cytotoxicity effects on target cell can be controlled by RA
within the expected range. Thisis very important when agene
therapy vector is applied clinicaly.

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.

REFERENCES

1  Badvie S. Hepatocellular carcinoma. Postgrad Med J 2000; 76: 4-11

2 Llovet JM, Mas X, Aponte JJ, Fuster J, Navasa M, Christensen E,
Rodes J, Bruix J. Cost effectiveness of adjuvant therapy for hepa-
tocellular carcinoma during the waiting list for liver
transplantation. Gut 2002; 50: 123-128

3 Tang ZY. Hepatocellular carcinoma-cause, treatment and
metastasis. World J Gastroenterol 2001; 7: 445-454

4 Schoniger-Hekele M, Miiller C, Kutilek M, Oesterreicher C,
Ferenci P, Gangl A. Hepatocellular carcinoma in Central Europe:
prognostic features and survival. Gut 2001; 48: 103-109

5 Narvaiza |, Mazzolini G, Barajas M, Duarte M, Zaratiegui M,
Qian C, Melero I, Prieto J. Intratumoral coinjection of two
adenoviruses, one encoding the chemokine IFN-gamma-induc-
ible protein-10 and another encoding IL-12, results in marked
antitumoral synergy. J Immunol 2000; 164: 3112-3122

6  RuizJ, Qian C, Drozdzik M, Prieto J. Gene therapy of viral hepa-
titis and hepatocellular carcinoma. J Viral Hepat 1999; 6: 17-34

7  Kuriyama S, Nakatani T, Masui K, Sakamoto T, Tominaga K,
Yoshikawa M, Fukui H, lkenaka K, Tsujii T. Evaluation of
prodrugs ability to induce effective ablation of cells transduced
with viral thymidine kinase gene. Anticancer Res 1996; 16: 2623-2628

8  Schmitz V, Qian C, Ruiz J, Sangro B, Melero I, Mazzolini G,
Narvaiza I, Prieto J. Gene therapy for liver diseases: recent strat-
egies for treatment of viral hepatitis and liver malignancies. Gut
2002; 50: 130-135

9  Qian C, Idoate M, Bilbao R, Sangro B, Bruna O, Vazquez J, Prieto
J. Gene transfer and therapy with adenoviral vector in rats with
diethylnitrosamine-induced hepatocellular carcinoma. Hum Gene
Ther 1997; 8: 349-358

10 UtoH,Ido A, Hori T, Hirono S, Hayashi K, Tamaoki T, Tsubouchi
H. Hepatoma-specific gene therapy through retrovirus-mediated
and targeted gene transfer using an adenovirus carrying the
ecotropic receptor gene. Biochem Biophys Res Commun 1999; 265:
550-555

11 Chen XP, Zhao H, Zhao XP. Alternation of AFP-mRNA level
detected in blood circulation during liver resection for HCC and
its significance. World J Gastroenterol 2002; 8: 818-821

12 Dachs GU, Dougherty GJ, Stratford 1J, Chaplin DJ. Targeting gene
therapy to cancer: a review. Oncol Res 1997; 9: 313-325

13 Kanai F. Transcriptional targeted gene therapy for hepatocellular
carcinoma by adenovirus vector. Mol Biotechnol 2001; 18: 243-250

14 Su H, Chang JC, Xu SM, Kan YW. Selective killing of AFP-posi-
tive hepatocellular carcinoma cells by adeno-associated virus
transfer of the herpes simplex virus thymidine kinase gene. Hum
Gene Ther 1996; 7: 463-470

15 Ido A, Uto H, Moriuchi A, Nagata K, Onaga Y, Onaga M, Hori T,
Hirono S, Hayashi K, Tamaoki T, Tsubouchi H. Gene therapy
targeting for hepatocellular carcinoma: selective and enhanced

16

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

suicide gene expression regulated by a hypoxia-inducible en-
hancer linked to a human alpha-fetoprotein promoter. Cancer Res
2001; 61: 3016-3021

Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning: A Labo-
ratory Manual, 2nd ed. Cold Spring Harbor Laboratory Press,
New York, 1989

Ueki T, Nakata K, Mawatari F, Tsuruta S, Ido A, Ishikawa H,
Nakao K, Kato Y, Ishii N, Eguchi K. Retrovirus-mediated gene
therapy for human hepatocellular carcinoma transplanted in
athymic mice. Int J Mol Med 1998; 1: 671-675

Barajas M, Mazzolini G, Genove G, Bilbao R, Narvaiza |, Schmitz
V, Sangro B, Melero I, Qian C, Prieto J. Gene therapy of orthoto-
pic hepatocellular carcinoma in rats using adenovirus coding for
interleukin-12. Hepatology 2001; 33: 52-61

Brunda MJ, Luistro L, Warrier RR, Wright RB, Hubbard BR,
Murphy M, Wolf SF, Gately MK. Antitumor and antimetastatic
activity of interleukin 12 against murine tumors. J Exp Med 1993;
178: 1223-1230

Sato Y, Nakata K, Kato Y, Shima M, Ishii N, Koji T, Taketa K,
Endo Y, Nagataki S. Early recognition of hepatocellular carci-
noma based on altered profiles of 4-fetoprotein. N Engl J Med
1993; 328: 1802-1806

Arbuthnot P, Bralet MP, Thomassin H, Danan JL, Brechot C, Ferry
N. Hepatoma cell-specific expression of a retrovirally transferred
gene is achieved by alpha-fetoprotein but not insulin-like growth
factor 1l regulatory sequences. Hepatology 1995; 22: 1788-1796
Arbuthnot PB, Bralet MP, Le Jossic C, Dedieu JF, Perricaudet M,
Brechot C, Ferry N. In vitro and in vivo hepatoma cell-specific
expression of a gene transferred with an adenoviral vector. Hum
Gene Ther 1996; 7: 1503-1514

Kanai F, Shiratori Y, Yoshida Y, Wakimoto H, Hamada H,
Kanegae Y, Saito I, Nakabayashi H, Tamaoki T, Tanaka T, Lan
KH, Kato N, Shiina S, Omata M. Gene therapy for alpha-fetopro-
tein-producing human hepatoma cells by adenovirus-mediated
transfer of the herpes simplex virus thymidine kinase gene.
Hepatology 1996; 23: 1359-1368

Nakabayashi H, Watanabe K, Saito A, Otsuru A, Sawadaishi K,
Tamaoki T. Transcriptional regulation of alpha-fetoprotein ex-
pression by dexamethasone in human hepatoma cells. J Biol Chem
1989; 264: 266-271

Watanabe K, Saito A, Tamaoki T. Cell-specific enhancer activity
in a far upstream region of the human alpha-fetoprotein gene. J
Biol Chem 1987; 262: 4812-4818

Ishikawa H, Nakata K, Mawatari F, Ueki T, Tsuruta S, 1do A,
Nakao K, Kato Y, Ishii N, Eguchi K. Retrovirus-mediated gene
therapy for hepatocellular carcinoma with reversely oriented thera-
peutic gene expression regulated by alpha-fetoprotein enhancer/
promoter. Biochem Biophys Res Commun 2001; 287: 1034-1040
Kaneko S, Hallenbeck P, Kotani T, Nakabayashi H, McGarrity
G, Tamaoki T, Anderson WF, Chiang YL. Adenovirus-mediated
gene therapy of hepatocellular carcinoma using cancer-specific
gene expression. Cancer Res 1995; 55: 5283-5287

Wills KN, Huang WM, Harris MP, Machemer T, Maneval DC,
Gregory RJ. Gene therapy for hepatocellular carcinoma: chemosen-
sitivity conferred by adenovirus-mediated transfer of the HSV-1
thymidine kinase gene. Cancer Gene Ther 1995; 2: 191-197
Igarashi T, Suzuki S, Takahashi M, Tamaoki T, Shimada T. A
novel strategy of cell targeting based on tissue-specific expres-
sion of the ecotropic retrovirus receptor gene. Hum Gene Ther 1998;
9: 2691-2698

Li C, Locker J, Wan YJ. RXR-mediated regulation of the alpha-
fetoprotein gene through an upstream element. DNA Cell Biol
1996; 15: 955-963

LiuY, Chen H, Dong JM, Chiu JF. Cis-acting elements in 5 -flank-
ing region of rat alpha-fetoprotein mediating retinoic acid
responsiveness. Biochem Biophys Res Commun 1994; 205: 700-705
Magee TR, Cai Y, El-Houseini ME, Locker J, Wan Y. Retinoic
acid mediates down-regulation of the alpha-fetoprotein gene
through decreased expression of hepatocyte nuclear factors. J Biol
Chem 1998; 273: 30024-30032

Edited by Wu XN



P.O.Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2003;9(4):692-695
World Journal of Gastroenterology

Copyright ©2003 by The WJG Press ISSN 1007-9327

* LIVER CANCER e

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

Xing-Hua Huang, Lu-Hong Sun, Dong-Dong Lu, Yan Sun, Li-Jie Ma, Xi-Ran Zhang, Jian Huang, Long Yu

Xing-Hua Huang, Li-JieMa, Long Yu, The State Key Laboratory
of Genetic Engineering, Fudan University, 200433, Shanghai, China
Lu-Hong Sun, Dong-Dong L u, Xi-Ran Zhang, School of life sciences,
Nanjing Normal University, Nanjing 210097, Jiangsu Province, China
Xing-Hua Huang, Yan Sun, Jian Huang, Qidong Liver Cancer
Institute, Qidong 226200, Jiangsu Province, China
Correspondence to: Long Yu, The State Key Laboratory of
Genetic Engineering, Fudan University, 200433, Shanghai, China.
longyu@fudan.edu.cn

Telephone: +86-21-65643954 Fax: +86-21-65643250
Received: 2002-08-02 Accepted: 2002-08-27

Abstract

AlIM: 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 ni of plasma from each sample. The 2495
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 249419—2495er
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 % ClI, 3.2~91.7) for HCC cases compared to controls.

CONCLUSION: These data show that the 2495 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 2495 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 isahigh risk area of hepatocdlular carcinoma (HCC),
chiefly due to chronic hepatitis B virus (HBV) infection, and
exposureto AFB1™ 3, HCC isamajor cause of cancer deathin
thisarea. Epidemiologica and experimental evidence show that
hepatitis B virus (HBV) and dietary exposure to aflatoxin B1
(AFBLY) contribute to hepatocarcinogensis®®. 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 individualswith detectable serum aflatoxin-
albumin adducts (Zhu YR et al, 1999).

p53 mutations have been identified in several human
cancers®2, A selective G to T transversion mutation at codon
249 (AGG—AGT, arginineto serine) of the p53 gene hasbeen
identified asa“ hotspot” mutation for HCC in Qidong ared**9,
Datafrom Qidong Liver Cancer Ingtitute have suggested that
this mutation in HCC is strongly associated with exposure to
AFB1*, Recent research in Gambia*” 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*®21, \We adopted this approach to evaluate the
presence of 249% p53 mutation in plasmafrom 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 controlswere 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 cirrhosiswas 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, plasmawastransferred to aplain
tube and stored at -70 ‘C at Qidong Liver Cancer Institute.
AFPand HBV serological testing was performed using standard
laboratory kits. A 500 m 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 m 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 ni of Nuclease-Free Water.
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PCR

Primers used for PCR amplification synthesized by Sangon
company (Shanghai) were asfollows: p1 (up) (5 -ctt gcc aca
gat ctc ccc aa-3' ), p2 (down) (5 -agg got 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 ni reaction included 18.3 ni
ddH.0, 2.5 n 10xbuffer, 1 m dNTPs, 0.5 m primer 1, 0.5 m
primer 2, 0.2 m Tag DNA polymerase, 2 ni DNA templates.
The thermo-cycling conditions were 94 °C for 5 min, and 40
cyclesof 94 °C for 30 sec, 60 ‘C for 30 sec, 72 C for 30 sec,
and finally 72 °C for 100 minina Peltier Therma Cycler (PTC
200). The amplification products (254 bp) were visuaized by
staining with ethidium bromide, after electrophoresison 2 %
agarose gel.

Purification of PCR products

To obtain enough amounts of DNA fragments for further
testing, 1 m 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
I11 (New England Biolabs Company) digestion. Therestriction
enzyme digestion reaction system was asfollows: 1 m Haelll,
2 m 10xbuffer2, 5 m DNA fragment, 12 m ddH,O (20 ni total
volume). Thesereaction systemswere submitted to 37 'C water
incubation for 4 hours. Enzyme Hae 11l cleaves a GG/CC
sequence at codons 249-250, generating 92bp, 66bp and severa
small fragmentsfrom the 254 bp purified DNA product of the
PCR reaction. If there isamutation 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 (wil d-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 sampleswere analyzed by automated
DNA sequencing (ABI 377) using BigDye Terminator Cycle
Sequencing Ready Reaction Kit (PE company).

Statistical analysis

Pearson’ schi-squareand Fisher’ sexact 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 oddsratios (OR) along with 95 % confidence intervals
(Cl) 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 (HBsAQ), a marker of chronic
infection with HBV (P<0.001 for difference between groups).

80 % of HCC cases, 70 % of cirrhoticsand 0 % of controlswere
positive for serum apha-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 showsthat the 254
bp specific DNA fragments amplified between pl and p2 are
at the appropriate location according to the DNA molecular
weight markers (Figure 1).
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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 Haelll. Presence of undigested 158 bp
fragments on 2 % agarose gel indicates that there is a point
mutation in the Hae 11 recognition site (Figure 2).
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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).

Wefound in this paper 16 of 75 subjects from Qidong have
249% 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).



694 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

April 15, 2003 Volume 9 Number 4

A
B
LAC CGG MGNICCCATC CTCAHS CATC
140
C
D

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.

Table 2 Prevalence and adjusted odds ratios for plasma 249 Ser
p53 mutations by subject groups from Qidong

Controls? Cirrhotics Hepatocellular
carcinomas
(30) (20) (25)
No. positive (%) 2(7) 4 (20) 10 (40)
OR (95% Cl) 1.0 5(0.6,29.3) 22.1(3.2,91.7)

aestimated odds ratios (OR) and 95 % confidence intervals (Cl)
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 cancerd?, especialy in HCC223, The most
striking example of a specific mutation in the p53 geneisa 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 AFB162*251 where this mutation is absent from
HCC in regions with negligible exposure to AFB111326.27),
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 %)11°%8, 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 materia to analyze

for genetic alterations present in the original tumor(02,
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
DNAR03Y,

We reported the presence of 249% p53 mutationsin DNA
circulating in the plasma of Qidong population at high risk for
HCC, chronic HBV infection and exposure to the carcinogen
AFB1. Wefound in this paper 16 of 75 subjects from Qidong
had 249 p53 mutation, including ten of 25 HCC cases, four
of 20 cirrhotic patients, and two of 30 controls (Table 2). It is
interesting that wefound in one HCC caseaG— C transversion
at the third base of codon 249 instead of G—T transversion,
although both of AGC and AGT coded serine. The 2495 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. Isit a SNP or a point
mutation associated with AFB1 exposure? It isto be studied.
Although we didn’ t check the 2495 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 HCC2, This mutation may be regarded
as an early detection marker or aprognostic molecular marker
in HCCE34, The detection of 249% DNA may be useful asa
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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*,

Besides the detection of serum aflatoxin-albumin adducts,
we can also use plasma 2495 p53 mutation as a marker of
aflatoxin exposure in epidemiological studies. It is expected
in Qidong areathat 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
1C5,5x101° M. Marked cell apoptosis and G2/M phase arrest
were observed after treatment with docetaxel =108M.
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 isanew taxoid structurally similar to paclitaxel, a
semisynthetic product of a renewable resource, the needles of
the European yew, Taxusbaccata L . In comparison to paclitaxel,
docetaxel is more potent as an inhibitor of microtubule
depolymerization™. Docetaxel has shown an active effect against
cancersi?®, 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®?. But there
islimited data about that in hepatocellular carcinoma and thus
needs further investigation. Human hepatocellular carcinoma
(HCC) is one of the mgjor causes of death worldwide**2, and

surgical resection isthe only curative therapy!*®. However it
has limitations for patients with multiple type or metastatic
tumors. Searching for effective chemotherapeutic agentsis
important to improvethe survival rate of patientswith 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
docetaxd iseffectiveintreating mice bearing xenograftsof MDR
protein positive human tumord®¥, aso alow efflux of docetaxel
from tumor cells being observed™!. These results suggest that
docetaxel may be effective in the treatment of HCC. But the
related information is limited and the mechanism of docetaxel
remainsto be elucidated. This study isto investigate its growth
inhibition and induction of apoptosis effect and the mechanism
in human SMMC-7721 hepatocellular cell line, and to provide
the theoretical basisfor clinical application in patientswith HCC.

MATERIALS AND METHODS

Reagents

Docetaxel (Rhone-Poulenc Rorer Pharmaceuticals Inc.) was
stored as 100 UM stock solution in absolute ethanol at -80 C.
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 Ingtitute of Fudan University. The
cells were cultured in flasks with RPM 11640 (Gibco BRL,
Grand Island, NY) medium supplemented with 100 1U/ml
penicillin, 100 pg/ml streptomycin and 10 % new born bovine
serum (Hyclone, Logan, UT) and maintained at 37 C in
humidified atmosphere containing 5 % CO.,.

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, 10%°, 10°, 10%, 107, 10°M). 24hr later
docetaxel containing mediawas again discarded and replaced
by mediawithout containing docetaxel. The cellswere cultured
continually for 9 days. The colonies were fixed with 95 %
ethanol and stained with Giemsa, and manually counted.
Colonies =50 cellswere considered survivors. All experiments
were conducted in triplicate.

Flow cytometric analysis of DNA content after docetaxel treatment
After exponential growth phase SMMC-7721 cellsweretreated
with different doses of docetaxd (0, 10, 10, 10°, 10%, 107,
10°M) for 24hr and harvested with 0.25 % trypsin and
resuspended in RPM11640 media. 1x10° cellswas centrifuged
at 300 g for 5 minutes and then washed once with PBS .The
cell pellets were added with 100 % precooled ethanol at 4 'C
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for 4hr, centrifuged at 300 g for 5 minutes and then washed
once, resuspended with PBS (1x10°cells/ml). The cells were
added 500 u Rnase, incubated at 37 “C for 30 minutes, washed
with PBS. 1x10%cells were stained with 50 pg/ml Pl for 20
minutesinthe 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
Exponentia growth phase SMMC-7721 cellsweretreated with
10nM docetaxel for 24hr and 48hr and harvested with 0.25 %
trypsin and resuspended in RPM 11640 medium. 1x10°cells
were washed once and resuspended with PBS. 25 I of the
cellssuspension was mixed with 1 gl of dye mixture containing
AO 100 pg/ml and EB 100 pg/ml in PBS*, 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 cellstreated with
10nM docetaxel for 24hr and 48hr, they werefixed in Karnovsky
solution, followed by cacodylate buffer for ultrastructural
examination. The cellswere 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 cellsweretreated
with different doses of docetaxel (0.25 nM, 0.5 nM, 10 nM)
for 24hr, thecellswereincubated with 2’ , 7’ -dichlorofluorescin
diacetate (DCF/DA; 5 uM; Sigma) at 37 C for 50 minutesto
egtimate the ROS level. The cellswere harvested and detected
immediately for fluorescence intensity detection on Becton
Dickinson FACSCalibur flow cytometer and data were
acquired and analyzed using FACS/CEL L Quest software (San
Jose, CA) on a Power Macintosh 7600/120 computer (Apple
Computers, Cupertino, CA)™, 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*® with modification. Briefly after
logarithmic growth phase SMMC-7721 cells (=10%) were
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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 minutesat 4 °C, 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’ st-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 1C55%10° M (0.5 nM) (Figure 1).
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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
apoptosisat 10°M for 24hr, and caused cells G2/M phase arrest
mainly at 10°M and 10°M, at 10°M the G2/M phase cells
accounted for 96.1 %.
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Figure 2 Cell cycle changes and apoptosis induction in SMMC-7721 cells treated with docetaxel for 24hr. Cells were treated with
docetaxel at OM(A), 10 M(B), 102* M(C), 10° M(D), 10® M(E), 107 M(F), 10°M(G). A marked apoptosis was induced at 10 M, and
a peaked G2/M phase accumulation was caused at 10°°M. Ap:apoptosis.
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Morphological observation with fluorescence microscope
After the SMMC-7721 cells were given 10M docetaxel for
24hr, the early apoptotic cells could be observed: because of
their cells membrane integrity, the cells were stained green
with AQ, 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®M 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®M docetaxel for 24hr, the chromatin
of some SMMC-7721 cellswaslocated 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
Asdemongtrated in Figure 5, The SMMC-7721 cellsROS 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 °M 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).
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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 11.621.1 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/cdl respectively, therewas
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 carcinomaSMMC-7721 cellsin vitro, indicating
that doctaxel can inhibit the SMMC-7721 cellsgrowth and in
concentration dependent manners, at 108M thesurvival fraction
decreased to O (Figurel). A previous study demonstrated that
docetaxel showed cytotoxic effect on other human hepatoma
cell lined!, 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 a alow dose (10®M), which was confirmed by
fluorescence microscope, transmission electron microscope,
and at 10M, 10°M induced a marked G2/M phase arrest
without apparent apoptosis, this phenomenon seemsto suggest
that docetaxel can induce apoptosisindependent 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 108M, at 10°M the G2/M
phase cells accounted for 96.1 %. This result indicates that
high dose of docetaxe blockscell cycleat G2/M phase, disturbs
mitosis and inhibits SMMC-7721 cellsgrowth. In thisclinica
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, docetaxd could inhibit SMMC-7721
cells at very low doses, the ICy is 5x10°M. 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 resultsindicated that docetaxel
both at 1/21Cs, 1Cs and apoptosis-inducing dose (10nM)
could cause significantly increased ROS levels (Figure 5) and
sgnificantly decreased GSH, compared with those of the control.

It has been reported that tumor cells have persistently higher
levelsof ROS™. The relationship between ROS and apoptosis,
cell growth inhibition has been broadly investigated. ROS
has been found to regulate translocation of NF-kB™! as well
as translocation of p53 and the p53-mediated apoptosis
pathway!?-23, Also it has been found that induction of apoptosis
was accompanied with the generation of intracellular ROS
prior to the activation of caspase-3% and down-regulation of
Bcl-224, Simizu et al. reported that some anticancer agents,
including vinblastin and camptothecin, induced cells apoptosis
with the generation of ROS?. Recently it was reported that
arsenic trioxide and |-S,R-buthionine sulfoximine (BSO)
combination treatment enhanced hepatocel lular carcinomacells
apoptosisthrough increased production of ROS#, Also it was
reported ROS played a mediatory role in the synergistic
interaction between 1, 25-dihydroxyvitamin D (3) and
anticancer cytokines?, modulation of the ROS productionintra
and extracellularlly may influence the cell survival during
oxidative insults?,

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 cellsredox status after
docetaxel treatment, the intracellular GSH content was also
investigated. Our result demonstrated that theintracellular GSH
decreased significantly (P<0.05) after both 1/2ICs, 1Cs, 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 apoptosisinvolving in intracellular GSH
deletion'®), early studies have also demonstrated that the onset
of apoptosis was associated with afall of intracellular GSH in
different cellular systemsd®. And GSH could significantly
reduce apoptosis mediated by a monoclonal antibody directed
to Fas antigen, and apoptosis could be nearly completely

prevented by GSHEY, GSH isan important cellular thiol which
isregarded as the major determinant of the intracellular redox
potential, on the other hand, apoptosis may be regulated by
the reodx status within the cellg%2. Loss of GSH was shown to
be tightly coupled with a number of down-stream eventsin
apoptosis, in caspase activation and events in chromatint®,
and GSH depletion may act asalink between oxidative stress
and ceramide-mediated apoptosig®. 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™, cellswith
compromised cellular GSH were susceptible to redox
imbalance-induced inhibition of proliferation(*.

In summary, the present study demonstrates that docetaxel
has profound effectson SMMC-7721 hepatocel lular carcinoma
cellsin 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 resultsin redox imbaancein SMMC-7721 cells,
and it is speculated that the redox imbalance caused by docetaxel
may play animportant rolein the growth inhibition and induction
of apoptosis of SMMC-7721 cells. Asfar aswe know, thereis
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-a were markedly higher than
those of ethanol group and saline groups (P<0.05). The mean
apoptotic index (Al: percentage of TUNEL signal positive cells)
in Star-99 group (48.9845.09 %) 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 Al and
serum level of TNF-a.

CONCLUSION: Star-99 has an effect on the elevation of
the serum levels of IL-2 and TNF-a. It indicates that Star-
99 has the function of enhancing the cellular immunity and
inducing cancer cell apoptosis. The correlation between Al
and serum level of TNF-a indicates that the elevation of the
serum of TNF-a 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-a 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
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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)*9. Y et 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 analysisand 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 micewas 18+2.1 grams.
The mice were raised in the layer drift shelves under aseptic
condition. The cages, cushion, drinking water and standard
foragewere 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 5x107 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 piecesin the size of 0.2x0.2x0.2 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 canulaneedle, 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 compl eted.

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 atotal of 4 injectionsin 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 gcounting apparatus
was used to detect the serum levels of IL-2 and TNF-a. The
apoptotic cellswere 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 referenced* . 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

Thetumor growth index (TGI) was calculated by the formula:
volume of tumor (after treatment-before treatment) / volume
of tumor (beforetreatment). The serum levelsof IL-2 and TNF-
a were determined. The apoptotic index (Al: percentage of
TUNEL signal positive cells) were calculated asthe TUNEL -
positive cells/ the total number of cancer cellsx100 %. The
appearance rates of the heteroploidy peak and apoptosis peak
of the tumor tissue were analyzed by FCM DNA. The
correlation coefficient between Al and serum levels of TNF-a
was calculated.

Statistics method

The results were expressed as the mean £SD. The data were
analyzed by one-way ANOVA with Student’ st 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-a after treatment

Table 2 showed that the serum levels of IL-2 and TNF-a 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-a
after treatment in the three groups

Groups n IL-2 (ng/ml)  TNF-a (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 Al 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 Al (%) 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
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Figure 1 TUNEL marker (Nucleolus with brown granule in-
dicated positive). A: Star-99 group; B: saline group; x400.
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FCM DNA analysis

Table 4 showed the results of FCM DNA andysis 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 G;
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) AB>005 92.9(13/14) A:B<0.01
Ethanol (B) 7 0.0(0/7) B:C<0.05 143(1/7) B:C>0.05
Saline (C) 7 57.1(4/7) AIC<0.05 0.0(0/7) A:C<0.01
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Figure 2 FCM DNA analysis showed the hereroploidy peak
in the saline group. (Yellow peak).
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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-a

Therewas close relationship between HCC apoptosisand serum
level of TNF-a. Significant correlation (r=0.499, P<0.05) was
found between Al and serum levels of TNF-a.

DISCUSSION

At present, many kinds of ultrasound-guided interventional
therapy have been practiced by clinicians such as laser®9,
microwavel’®, radio frequency*+*°! and high energy focus

ultrasound® 4 since 1990s. The efficacy are as good as that
of surgical resection/® 224, 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-a can be used
asbiological 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®., 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'®. 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 organelleand 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-
a ismainly 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
reactiong?’?, In the Star-99 group, the serum level of TNF-a
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 Al and serum levels of TNF-a. It indicated
that the elevation of the serum TNF-a induced by Star-99 might
be an important factor in the promotion of the HCC cells
apoptosis.
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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!?-! put
also on thereduced apoptosis®*, At present time, cancer therapy
is now focusing on promoting apoptosis*#Y, The gpoptatic cells
could beidentified by TUNEL assay!>“2. In this experiment, the
gpoptotic index in Star-99 group (48.98+5.09 %) was sgnificantly
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 itsdirect destruction of cancer
cells, the mechanism of the efficacy may be dueto: (1) It can
increase the serum levels of 1L-2 and TNF-a and trigger the
cellular immunity. (2) It can induce apoptosis of the cancer
cells. The anti-cancer effect of Star-99 ismore or lessequivalent
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.

CONCL USION: 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
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INTRODUCTION

It has been documented that primary liver cancer has been the
more common cancer killer worldwide, especialy in the areas
with high incidence, such as Chind*. Severa methods has been
developed for the therapy of the malignancy®*¥. The outcomes
have taken marked progress, but recurrence and metastasisrates
remain hight*233, Up to now, the difficult point is still existing
intreatment of largeliver cancers, dueto worse resultsand higher
riski*, Since the middle of last century™, 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!*”. Then he reported on 30 cases of
the operation in 1980, including malignant and benign hepatic
lesion®, 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!’®23, Most reports demonstrated that right
trisectionectomy was effectivein extensive hepatic malignancy,
based on some individuals with long-term survivall*® 21, But
the risk (morbidity and mortality) of liver resection remains
high according to some authorg® 223, 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 ahigher 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
(HBsAQ): 28 (84.8 %) were positive and 5 (15.2 %) were
negative. There were 8 (24.2 %) with dight cirrhosis and 25
(75.8 %) without. Child-Pugh’ sclassification: 22 (66.7 %) were
A grade and 11 (33.3 %) were B grade when the patients were
hospitdized, but they weredl A grade before surgica procedures
through poditive hepatic protective therapy. a-fetoprotein (AFP):
27 (81.8 %) were dlevated 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 (TNM24)
of Cancer: All tumors were stage IV 4 (T4sNoMo). Pathology: 27
(81.8 %) were hepatocellular carcinoma, 2 (6.1 %) were
cholangiocarcinomaand 4 (12.1 %) were mixed hepatocel lular-
cholangiocarcinoma. There were 17 cases (51.5 %) with tumor
thrombi in the right branch of the portal vein. 19 macroscopic
satellite noduleswerefound 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 thrombusin trunk of portal vein and hepatic
vein. (3) No evidencefor 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)!%! waslower than 15 %
before surgery. (6) Serum bilirubin smaller than 34 mmol- L7,
serum albumin higher than 30 g- L't 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
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angiography. To assessliver 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
therest 77 due to bad liver function reserve.

Surgical procedures

All of theright 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®,
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 240560 ml). The quantities
of transfused blood ranged from 0 to 2 200 ml (mean +SD,
1 0204550 ml). There were 2 casesthat did not require blood
transfusion during right trisectionectomy. For dissection of the
liver parenchyma, we used finger fracturein 9 cases (27.3 %)
before November 1992 and ultrasonic dissector (CUSA System
200) in 24 cases (72.7 %) after thetime. 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 termswere 3 to 150 months. Thelatest follow-
up wasin November 2000 and survival terms of patients alive
were calculated to October 2000. When the recurrences were

Table 1 Clinicopathological features of patients

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 curveswere analyzed by Kaplan-Meier and Log rank
test. The ¢2 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 monthsaccording to the November 2000 follow-up. Survival
curve of all patientsis shown in Figure 1. The longest tumor-
free survival term was 150 months (alive). The
clinicopathological featuresin 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 wasfound 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.

Variables TT present (17) TT absent (16) P SN present (15) SN absent (18) P
Age 43.4(18.2) 47.6(16.5) >0.05° 46.8(17.6) 45.1(15.7) >0.05°
Sex >0.05% >0.05%
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 >0.05% >0.05%
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 >0.05% >0.05%
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) >0.05° 14.4(3.8) 13.2(3.1) >0.05°
BL (ml) 1290(640) 1210(450) >0.05° 1300(680) 1220(390) >0.05°
BT (ml) 1100(720) 980(370) >0.05° 1050(510) 990(570) >0.05°
WS (9) 2280(490) 2350(530) >0.05° 2380(570) 2300(460) >0.05°
Pathology >0.05? >0.05?
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, a-
fetoprotein; TS, tumor size; BL, blood loss; BT, blood transfusion; WS, weight of specimen; HCC, hepatocellular carcinoma; CC,
cholangiocarcinoma; MHCC, mixed hepatocellular-cholangiocarcinoma. #; c? test, *: Student t test.
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Figure 1 Survival curve of 32 patients underwent right
trisectionectomy except 1 hospital death.
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Figure 2 Survival curves of patients. —, with satellite nodules
(SN); —, without satellite nodules. P>0.05, Log rank test.
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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 hepatomamainly in the right lobe and which
invadesthe medial section of the left |obe, resection hasalways
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 patientstreated
with right trisectionectomy. Starz|!*® 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 alf?”
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 rateswere 57 %, 52 %,
40 % and 33 %, respectively. Mortality was 7 % and

complication incidence was 26 %. Kumada et al’®® 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 cancersin 1991, Three cases survived morethan 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 ratewas 15.2 %. Theseresultsare 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 %%, 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 this study that were
trisectionectomi zed 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’ sclassification, some detailed parameters and ICGR test.
Child-Pugh’ sclassification wasaclassca method for estimating
liver function. 1t could become more accurateif helped by other
concrete markers, such as serum bilirubin, prothrombin time
and albumin. Besides, ICGR test, a proven sensitive indicator
of liver function reserve®!, aso provided important information.
Our experienceisthat 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 differencesin
these curves. These findings suggest that surgeons should use
curative resection in therapy of huge tumors, even in those
with afew 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
artsin the treatment of huge tumor of primary liver cancers.
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Abstract

AlIM: 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-Havaand Glenner in 1966!™. It iswidely
distributed in human and animal tissues and catalyzes the

hydrolysis of N-terminal glycylproline from glycylprolyl-b-
naphthylamide and glycylproline-b-nitroanilide. It wasreported
that serum GPDA activity increased in the patients with
hepatobiliary diseases and in experimental hepatic cancer? 3,
Further studies demonstrated that GPDA activity was
significantly higher in human hepatic cancer and embryonal
tissues than in healthy adult liver tissues¥. 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 isoenzymesin diagnosis of PHC were studied.

MATERIALS AND METHODS

Patients and healthy subjects

Theresources of all patientsin this study were from Affiliated
Hospital of Nantong Medical College. The diagnosis of PHC
met the diagnogtic 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 avertical dab 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 % hisacrylamide; (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 cmx10.0
cmx0.15 cm was prepared and loaded with 20 mi 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 °C 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-b-nitroanilide, 4.8 ml of 100 mmol- L
Tris-glycylglycine (pH 8.4), 0.1 ml of 100 ml- L sodium nitrite
and 0.1 ml of 50 g- L* 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* trichloracetic acid and
250 ml- L glyceral.
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Measurement of AFP and ALT

ALT was measured with the method recommended by
International Federation of Clinical Chemistry®™ and AFP was
determined with routine radioimmunoassay.

Treatment of serum with neuraminidase
Serum was incubated with 10 u/ml neuraminidase at 37 °C 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 wasfound in
most patients with PHC and afew patients with benign liver
diseases and extra-hepatic cancer, but no GPDA-F was found
in al healthy persons and the patients with benign liver space-
occupying lesions (Table 1). In patients with PHC, positive
GPDA-F was considered astrue positive and negative GPDA-
F asfalse negative, whilein patientswith other diseases positive
GPDA-F was considered asfalse 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).

Anode
- GPDA-F

- < GPDA-S

Cathode

12345

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 872 85.3 15 14.7
Liver cirrhosis 5 111 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

3P<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)x100 %;
Specificity=TN/(TN+FP)x100 %; Diagnostic accuracy=(TP+
TN)/(TP+TN+FP+FN)x100 %.

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 positivein 75.0 %
PHC cases with negative AFP (<50 ng/ml). If positive GPDA-F
and AFP2 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 725 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 caseswere 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
groupsin PHC, but ALT activitiesin 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 (xs, u/L)

PHC Hepatic cirrhosis  Chronic hepatitis

Negative GPDA-F
Positive GPDA-F

31.049.6
50.1+£10.2

31.6+3.6*
67.6+31.6

67.3+13.2%
159.8+46.6

3P<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).

Anode
<~ GPDA-F
l - | < GPDA-S
Cathode
1 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®”. The prognosisis
poor dueto itsdelayed diagnosis and low resectablerate. Thus
early diagnosisisimportant to improve the prognosis. Tumor
markers are very useful in diagnosis. AFP isthe most widely
used tumor marker for PHC with a positive rate from 60 % to
70 %%, AFP-L-3, one of the glycoforms of AFP, has higher
specificity for PHC. However, it cannot increase the diagnostic
sensitivity*?18, 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 AFPin diagnosis of PHC, such asdes-gamma-
carboxy prothrombin (PIVKA-I1)*23 g-glutamyltransferase
isoenzyme?-29, transforming growth factor-b 1122 and a-L -
fucosidase'®-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 patientswith 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 originatesfrom the inflammatory hepatocytes because
in such cases positive GPDA-F was often accompanied by
elevated AL T and changed to negative with thedecline of ALT.
On the contrary, GPDA-F in PHC is persistently positive and
not correlated with AL T. Therefore, S multaneous determination
and follow-up of ALT may help to rule out the false positive
GPDA-F in benign liver diseases. It isknown 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 12423 281 \Whether
persistent positive of GPDA-F in afew cases of liver cirrhosis
is the precursor of hepatocarcinogenesis needs further
investigation.

Although the diagnogtic efficiency for PHC hasbeen greatly
improved in recent years with the use of many advanced image
techniques, it is still difficult to make the diagnosisin some
cases, especialy 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
inal benign liver space-occupying lesions. Therefore, GPDA-
Fisof specia valuefor thedifferential diagnosisof 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 agood marker
of PHC at early stage.

The exact mechanism by which GPDA-F appearsin the sera
of PHC casesis 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 casesin
whose hepatoma tissues GPDA-F was positive (unpublished
data). The eectrophoretic migration of GPDA-F became slower
than itsisoenzyme GPDA -S after treatment with neuramidinase,
indicating that GPDA-F isakind of glycoproteinrichin sidic
acidsinitssugar 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
carcinomathan in benign liver diseases. It isalso clear that the
fucosylation of the sugar chain at the innermost N-
acetylglucosamine is the molecular basis of this variation!=> %
Whether there is the difference of fucosylation of GPDA
isoenzymes between hepatocellular carcinomaand benign liver
diseases needs to be studied further.
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Abstract

AlM: 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 | and Sal | 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
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INTRODUCTION

Ornithine decarboxylase (ODC) is the first key enzyme of the
biosynthesis of polyamine which catalyzesthe 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!® and
pathological proliferationt?. Itis necessary for cell to progress
into S phase, or polyamine depletion arrest cellsin G1. ODC
activity and polyamine concentration in colorectal cancersare
significantly elevated compared with that in normal adjacent
and healthy control tissues on rodents*” and human beings.
ODC repressor (eg. Difluoromethylornithine) has been
considered to be one of the molecular targeted interventions
of colon cancer!®. 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 usto 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 carcinomaand respective adjacent normal colorectal
mucus were obtained during surgery. Once the specimenswere
removed during operation, the necrotic and ulcerated tumors
were removed and the norma mucosa was dissociated from
the muscle and connective tissue. All specimens were then
kept in liquid nitrogen until further use.

Extraction of total RNA

Thetotal cellular RNA was extracted from normal and cancer
tissues, respectively. The method of RNA extraction was similar
to the Trizol RNA extraction protocol (Life Technologiesinc.).
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 - gcaggatcc acc atg aac aac ttt ggt aa; down-stream
primer: 5' -gaa gtcgac cta cac att aat act agc cg. The5' 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 | and Sdl I. Thefirst strand of cDNA was synthesized
at 55 °C for 30 minin the presence of AMV reversetranscriptase
(0.5 unit/m), RNase inhibitor 1 unit/ml, dNTP 1.0 mM, Mg
2.5 mM. The PCR was processed through 35 cycles of denature
(I minat 95 °C), annealing (1.5 min at 58 C), and extension
(I min at 72 C) (Perkin-Elmer2400 PCR apparatus).

Purification of PCR product and T-A cloning
The PCR products were separated in 1 % agarose gel, and the
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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. DH5a and selected
by selective culture medium containing ampicillin.

Construction of pQE30-ODC

The pMD-ODC and pQE30 were digested by restrictive
enzymes BamH | and Sall. The inserted fragment of pMD-
ODC was collected from electrophoretic gel, then it wasligated
with the linearized pQE30 by T4 Ligase at 18 ‘C overnight.
The recombinant was transformed into E. coli DH5a by CaCl,
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 proteinswas 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
sequenceof ODC. Electrophoresisof 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 wasinserted into pQE30
at BamH | and Sal | 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 Sall.

6H
pQE30-0DC BamHI

4 900bp
Ampicillin

Sall

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 50kDawas
demonstrated in Western blot. The optimum induction period
is4hr after administration of IPTG (Figure 3, 4).

1 23 45 M kD

"
—
—

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.

97.4
66.2
43.0

i @ ual

31.0
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i«

1 2

50kd

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 al living cells¥. 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 RNAP®, Polyamines have been
shown to be essential for optimal rates of cell growth and
differentiation, with high concentrationsbeing found in rapidly
growing cells and tissued*.

Cancer cells aways have ahigher intracellular polyamine
content than the equivalent normal tissue*>%, 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***¢. Similar findings were observed in human
colonic surgical specimenswith both ODC activity and polyamine
content of the malignant tissue being increased!*17,
Intratumour content of spermidine and spermine wasincreased
in line with the increase in ODC activity.

Ornithine decarboxylase (ODC) is arate-limiting enzyme
in the biosynthesis of polyamines, and isinduced in response
to many growth stimuli such as hormones, growth factors, and
tumor promoters, it has arapid turnover rate with half-life at 15
minutes*®. Numerous studies have demonstrated that regul ation
of ODC can occur at multiplelevels, including the transcription
of protooncogene c-myct**22, mRNA translation(°?24, protein
turnover(102528 - and post-transcriptional interactions and
modificationd?-3%, Recent studies focusintensely on ODC and
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polyamine regul ation as therapeutic targets. Inhibitors of ODC
werefound to suppresstunor formation in experimental models
of bladder, breast, colon, and skin carcinogenesi g3+,

Colorectal cancer isamajor 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 trestment with antimetabolites
such as 5-fluorouracil®!. Although great clinical efforts have
been made for the therapy of colorectal cancer with new
technologies, such as CT or MRI colography!4, thereis till
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 prognosig®®. As
the change of ODC activity isan early event in the devel opment
of the disease, it may be helpful for early screening and
diagnosis of colon cancer.

We designed two primersfrom human ODC geneincluding
the start codon (ATG) in exon 3 and the termination codon
(TAG) so asto amplify the whole encoding sequence about
1 480 bp of ODC. The exons encode a protein isidentical to
the 461-amino acid sequence derived from human ODC.

The restriction fragment mapping of the recombinant, pQE
30-0ODC, 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 atool for ODC related further study.
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Abstract

AlIM: 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.

CONCL USION: 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 isfacilitated even in case of primarily

nonresectable casedd. The trials of several “ neoadjuvant”

radiochemotherapy have generated clear evidence downstaging
ispossible, resectability rates are increased, local relapse rates
decreased, and survival rates possibly improved. Preoperative
radiochemotherapy has been regarded as* standard’ therapy™™.

Theinfusiona chemotherapy protocol of 5-FU demonstrated
a higher response rate and a marginal survival benefit in
advanced colorectal cancer®®. The toxicity was lower in the
infusion protocol than that in bolus protocol!. In
chemoradiotherapy with the infusion protocol, this advantage
can still work and have atheoretically better chance of drug-
radiation interaction as welll*%, However, i.v. chemotherapy,
either by infusion or bolus, is still amajor source of discomfort
to the patients.

Oral administration enables sustained exposure to 5-FU,
avoidsthetechnical barrier of intravenous (1V) administration
and allows significant flexibility in choice of the dosage
regimens, provided that efficacy is not compromised(**2,
Doxifluridine(5' -deoxy-5-fluorouridine, 5’ -DFUR) issynthetic
5-deoxy-nucleoside derivative. In experimental murine tumor
systems, doxifluridine has achieved atherapeutic index of 10-15
times greater than that of 5-FU or ather fluoropyrimidines®3.
This drug has been shown to be an effective agent when
administered orally™. The use of oral doxifluridine and
leucovorin in chemoradiotherapy provides severa 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 patientswere 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



718 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

April 15, 2003 Volume 9 Number 4

two groupswere middle and lower rectal cancers(5-11cmfrom
anus). 11 and 20 lower rectal cancersin 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

TNM staging

T3NOMO 5 14
T3N1MO 0 3
T4NOMO 6 3
TAN1IMO 4 5
TAN2MO 0 2
Treatment

Radiation was delivered by linear accelerator (10 MV X-ray).
Similar fieldswere used for treatment in both groups. Theinitial
pelvic radiation therapy volume of AP/PA portsand two lateral
fields treated to 4 000 cGy. The use of a boost field to the
primary tumor bed and immediately adjacent lymph nodeswere
given in some patients. Total doses of 4 000cGy to 4 600 cGy
(mean 4 150 cGy) weredeliveredin 4 to 5 weeksin 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 adose of 500 mg/m?#day plusleucovorin at
adose of 300 mg by intravenous injection for 3 daysin 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 achange not reaching
to PR or PD. Tota 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 datain 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
wasthen delayed because of toxicitiesin 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 paliative 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. Pathol ogic 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
surviva ratesand 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

66.7%
40.1%
26.7%

55.6% 0.485
33.2% 0.663
48.1% 0.174

3-year overall survival rate
3-year disease free survival rate
3-year local recurrent rate

Toxicity

Patients were scored according to the WHO grading. A detailed
description of acute toxicitieswas given in Table 4. The most
relevant toxic reactionsincluded rectal tenesmus, diarrheaand
perianal area skin reaction. No toxic death was observed in
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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

01 2 3 4 0o 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
Bladder 6 4 5 0 0 10 11 6 0
Skin 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!™ in locally advanced
tethered and fixed primary rectal cancer to downstage the
tumors. It was concluded that preoperative radiochemotherapy
decreased thelocal 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 differencesand no
patient had interrupted the radiochemotherapy and delayed the
operation because of these acute toxicities. University of
Uppsala study!*® proved that the volume of bowel under
radiation, rather than the energy of the radiation influence
postoperative mortdity, and emphasi ze theimportance of precise
radiotherapy planning to minimize normal tissuetoxic reactions.

Continuous infusion of 5-FU led to significantly higher
response rates than bolus 5-FU, and ameta-analysisidentified
a statistically significant increase in overall survivall*™,
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 itsinconvenience and cost and partly dueto central
venous access that might cause significant complicationsin
15 % to 20 % of patients*®, 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 Il trials incorporating
irinotecan and oxaliplatin*® into 5-FU-plus-radiation program
are currently used, with encouraging results. Similarly, the oral
5-FU prodrugs®2Y represent promising new agentsto 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 asaradiosensitizer was given by continuous infusion.
5’ -DFuR kills cancer cell through PyNPase transformation.
The study by Watanabe et al®? found that fifty three patients
with advanced colorectal cancer when given single oral doses
of 5" -DFuUR, 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 waswell tolerated. Therelatively hight rate
of curative resections indicates that 5-FU and Oral 5’ -DFuUR
treatment as radi osensizers, 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 symptomsof the patientswith local advanced rectal cancer
and to improve systemic treatment efficacy. The appropriate
dosage of oral 5 -DFuUR 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 RSgroup. Therefore, thisstudy at least demonstrates
that sphincter preservation operation did not decrease local
control and survival rates, athough 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 therectal 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®?, 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?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

Colorecta cancer (CRC) isone of the most common cancers
in the world and the second leading cause of cancer death in
the United Stated* 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 hasincreased rapidly in China making it the fourth
leading cause of cancer mortality in China®. In general,
magjority 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“**9, with a trend towards
redistribution of primary CRCfrom left to right*5 7, Proximal
cancers have atendency to present at a more advanced stage
and are associated with apoor 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 patientd®® %21, However, it is not clear
whether there are any differences in anatomical distribution
of primary colorectal cancer between American (white) and
Chinese (orienta) 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 thisstudy isto comparethe differencesin 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. Datawas collected from
690 consecutive white patientsin 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
diagnosiswere noted. Descriptive dataon 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(??

RESULTS

664 Consecutive white patientsin Cleveland Clinic Florida
and 816 consecutive oriental patientsin 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 whitesvs 74 % of orientals (P<0.001) had cancers
located in the distal colon. The proportions of cancerslocated
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 cancerslocated in the transverse colon, splenic flexure
and sigmoid colon.

Gender

Analysis by gender conformsto the overall racial differences.
The proportions of cecal tumorswas higher in the white men
(P<0.001) and women (P<0.001) compared with their Oriental

Table 2 Anatomic subsite distribution of colorectal cancer by race

counterparts. Ascending and descending colon cancers were
also significantly more common in white men (P<0.05) but
not inwomen (P>0.05). Rectal cancerswere 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.

Therewas a significant gender difference beteen the races
(Table 3). The male: femaleratio was dightly 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) yearsin 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,
whereasthe highest incidencein oriental patientswas observed
between 50-59 years (P<0.001) (Figure 1).

We have further analyzed the age related distribution of
proximal and distal tumorsin 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

Men Women Total
White Oriental White Oriental White Oriental
n % n % n % n % n % n %
Cecum 57 8.6 14 1.7¢ 50 7.5 16 2.0 107 16.1 30 3.7
Ascending 45 6.8 31 3.82 32 4.8 29 3.6 77 11.6 60 7.4°
Hepatic flexure 5 0.8 27 3.3 2 0.3 26 3.2¢ 7 1.1 53 6.5¢
Transverse 27 4.1 20 2.5 13 1.9 25 3.0 40 6.0 45 55
Splenic flexure 8 1.2 17 2.1 2 0.3 7 0.8 10 15 24 2.9
Descending 20 3.0 9 1.18 11 1.7 7 0.9 31 4.7 16 2.0°
Sigmoid 63 9.5 82 10.0 54 8.1 64 7.9 117 17.6 146 17.9
Rectum 172 25.9 249 30.5¢ 103 15.5 193 23.7¢ 275 41.4 442 54.2¢
Proximal 142 21.4 109 13.6° 99 14.9 103 12.62 241 36.3 212 26.0°
Distal 255 38.4 340 41.7° 168 25.3 264 32.3 423 63.7 604 74.0°
Total 397 59.8 449 55.0 267 442 367 45.0 664 100.0 816 100.0
aP<0.05, °P<0.01, °P<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 1.12 163° 1282 1.27 218° 177 1.23
1996-2000 White 91 56 1.63 149 96 1.55 240 152 1.58

Yellow 54¢ 54a 1.00 177 136 1.30 231° 190 1.22
Total White 142 99 1.43 255 168 1.52 397 267 1.49

Yellow 109¢ 1032 1.06 340° 2642 1.29 449 367 1.22

3pP<0.05, PP<0.01, °P<0.001.
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between various age groups. 0-29 years vs 30-59 years aswell
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. Y oung patients between 0-29 years had the
lowest rate which was significantly lower than patients above
30 years (P<0.001). The curvesfor proximal cancersin White
and Oriental patients diverge at the extremes of age and there
were significant differences between thetwo racesat 0-29 years
aswell as above 70 years (P<0.01). In White patients, there
was amarked increase in the rates of proximal tumorswhereas
the frequency of distal tumors decreased with age. Thistrend
was not observed in Oriental patients (Figure 2).

457 —— White
401 —&— QOriental
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Figure 1 Age related incidence of colorectal cancers in two races.
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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
especialy seenin proximal cancers of whiteswhich increased
from 1.19:1in 90-95t0 1.63:1 in 96-2000 (P<0.01); the gender
ratio among whites for distal cancers changed from 1.47:1in
90-95to 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
cancersincreased from 34.6 % in 1990-1995 to 37.5 % between
1996-2000 and distal cancers decreased from 65.4 % to 62.5 %
of al 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
sgnificant. When we further compared the rel ationshi Pbetween
anatomical distribution and gender, a marked trend was found
towards the redistribution of primary colorectal cancersfrom
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.

— 0 white men
0 white women
0 Oriental men

20 7 [ Oriental women

90-95 96-2 000 90-95 96-2 000
Proximal Distal

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

DISCUSSION

An important aspect of colorectal cancer isits 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 sitesi*”], although a
decrease in proximal cancerswas reported?. Thisisthe 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 thosein 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
lesionsin 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®l. In
general, the developed countries have a predominance of |eft-
sided cancers, whereas low-risk communities have a higher
proportion of right-sided cancerg?!. Compared with America,
Chinaisalow risk community. The reasonsfor the significantly
higher incidence of right-sided CRC in white patients are still
not clear.

Many hypotheses have been devel oped based on histological
differences between theleft and right colon, differencesin 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 contentsfor
storage. It islikely that there are differencesin sensitivity and
exposure to carcinogens for the proximal and distal sections
of colon. There might even be differencesin the etiol ogic agent
between right-sided and left sided colorectal cancers; a study
showed that different carcinogens produced cancersin different
parts of the large bowel in experimental animal 2.
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No specific carcinogen has been found to cause CRC in
humans, but the differencesin the epidemiological patterns of
CRC among various populations suggest the role of an
environmental or dietary etiologic agent?. The higher
consumption of refined carbohydrates and fat and less dietary
fiber may contribute to the increased incidence of colorectal
cancers in the western countrieg® %!, |ncreased dietary fat
resulted in increased bile acids in the intestine, a possible
mechanism for carcinogenesig?’. 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 cancert® 239,

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’®3, Even thetype of dietary fiber may beimportant
in reducing the fecal mutagenic activity®®. It issaid that, itis
imperative to point out that the evidence linking fiber and
colorectal cancer is not conclusive. Dietary fiber probably
protects against carcinogenesis, if itispresent in the diet from
an early agel®.

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 cancert?? 24 3334,

We have observed atrend toward aredistribution of CRC
from distal to proximal in white men, especially in the older
men, afinding that is similar to othersin the literature which
showed atrend towardsthe redistribution of primary CRC from
left to right with increasing time®. We found no significant
change in the anatomical distribution of colorectal cancer in
whitewomen and oriental patients, the distribution remaining
fairly stable in these two groups.

In recent years, the male; female ratio for CRC rosein many
published reportg* 3. This study showed that overal rates of
colorecta cancerswere 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
cancersand 1.47:1to 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 1.27:1to
1.30:1 for distd cancers(Table 3). Therewasno significant change
in the oriental race, afinding in agreement with others?.

This gender-based disparity islargely unexplained. Recently
it has been suggested that hormone replacement therapy may
decrease the incidence of colorecta cancer in females. Female
sex hormones are known to affect cholesterol metabolism
which inturn affects bile acid production, a pathway linked to
the development of colorectal cancer. Differencesin bile acid
metabolism between the proximal and distal colon may
contribute to the gender-based disparity in colorectal cancer
risk(?4,

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-oneyears 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 otherg*>3-49, Thistrend
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 liein host, environmental, or behavioral factors
that act alone or in combination. Heredity plays only asmall
role. Asfor colorectal adenocarcinoma, patientsin Chinashare
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 thisrisk 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 isone of the most common cancersin the
world, it isimportant 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

AlIM: 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: V, and V, genes were amplified from hybridoma
cell 1C-2, secreting monoclonal antibody ND-1, by RT-PCR,
and connected by linker (Gly,Ser); 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 **™Tc, 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
(Ty2a of 5.7 min, Ty,b 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 carcinomais one of the common malignant tumors
with relatively high incidence, occupying the fourth rate of
mortality in China. Therefore, efficient diagnosis and

therapeutic approaches areimportant 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™™. 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?9, ScFv, whichis
comprised of immunoglobulin heavy- and light-chain variable
regionsthat are connected by ashort peptide linker, isthe gene
engineered antibody employed most widely at present. The
main advantages of scFv over intact mAbs and Fab fragment
aretheir small size (M, 30 000, amounting to one sixth of intact
mADbs), 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
asacarrier?0,

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 carcinomacell line. The histochemical determination
of one thousand pathologic samples showed that ND-1 binded
specifically to well differentiated and moderately differentiated
colorectal carcinomatissues and its specificity is superior to
mAbs against CEA. *!| labeled ND-1 also exhibited excellent
imaging of tumor tissuein mice bearing colorectal carcinoma
xenograft. We constructed a scFv by gene engineering
technology from the V| and V, 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-2ismurine hybridomacell that secrets monoclonal antibody
ND-1against human colorecta carcinoma. Both1C-2 and Hel.a
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
Ingtitution of Medical College of Harvard University. pMD18-
T vector, E.coli IM109 component cell, DNA polymerase,
restriction enzyme, and DNA recovery kit were purchased from
TarkaRa Biotechnology (Ddian, China). mRNA purification
kit and T4 DNA ligase were bought from Pharmacia Biotech.
Anti-Hisb6 tag antibody was from Invitrogen. Ni-NTA resin
was provided by Qaigen company. MDP and ®*"Tc were kindly
provided by Department of Nuclear Medicineat ChinaMedical
University. Heavy chain primer 1 and 2, light chain primer
mix, linker primer mix, and RS primer mix was purchased
from Pharmacia Biotech.
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Genetic construction of ND-1scFv

ND-1scFv gene was constructed as previously described.
Briefly, mRNA was extracted from 5x10° hybridomacells IC-
2 and cDNA was synthesized by reverse transcription using
random primer. V; and V. genewere separately amplified from
the cDNA by PCR using heavy chain primer and light primer
mix. The Vy and V. gene fragmentswere 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. Asaresult, V, and V.
gene fragmentswere 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 IM1009,
positive clones were identified by colony PCR and DNA
seguencing.

Oligonucleotide primers S1 and S2 were designed to add
EcoRl site at the 5 end of ND-1scFv, and Hind |11 site,
Sallsiteat the 3 end. S1: 5 ACTGAATTCATGGCCCAGGT
GCAGCTGCAGC 3 ,S2:5 CGCAAGCTTCTAGTCGAC
TTTCCAGCTTGGTC 3' . pMD18-T-ND-1scFv was used as
template for aPCR by primer S1 and S2, and the product was
cloned into the vector pET28a(+) after digestion with EcoRI
and Hindlll, and then transformed into competent E.coli
BL21cellsfor protein expression.

DNA sequencing

ND-1scFv genes cloned into pMD18T and pET28a(+) were
sequenced by the dideoxy chain termination method with M 13
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 ng/ml kanamycin at
37 °'C, when O.Dgq Of the culture attained about 0.6, IPTG
was added in afinal concentration of 1 mmol, and cells were
shaken at 37 °C, 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 cellsand HeL acells (5x10%) were grown in 96- well
microtiter plates at 37 °C for 24 h, then fixed with 2.5 %
glutaradehyde and blocked with 1 % BSA, followed by
incubation with ND-11gG or ND-1scFv at 37 °C 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 1gG was added into
both ND-1gG and ND-1scFv wells, incubating at 37 “C for 2
h, substrate TMB was added, incubated in darknessfor 30 min,
the reaction was terminated with1N H,SO,; PBSwas used asa
negative control.

Tumor model

Human colorectal carcinoma cells (1x10°) 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-11gG were labeled with ®*™Tc using MDP.

Excess b-mercaptoethanol was added to the solution containing
ND-1scFv and ND-11gG, reduced product (1 mg) was mixed
with 40 mi MDP (2.5 mg/ml) and 370MBq *"Tc. Biodistribution
study was performed using tumor-bearing mice injected i.p.
with 0.2 ml ®"Tc-ND-1scFv, the mice werekilled 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 ®*"Tc-ND-1scFv
and *"Tc-ND-1 |gG. Blood samples were obtained via tail
bleeds at 0, 5, 10, 15, 30, 60, 120, 180 min and 24 h after
injection, theradioactivity was counted in agammascintillation
counter, and pharmacokinetic parameters were cal cul ated.

RESULTS

Clone of ND-1scFv gene

Vy and V. genewere amplified from hybridoma cell 1C-2 that
secreted monoclonal antibody against human colorectal
carcinoma, and then were connected by alinker (GlysSer),
using extension overlap splicing PCR to construct scFv gene,
which had EcoRl siteat 5" end and Hindlll siteat 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.
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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
BL 21, 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
(MCYS) of vector pET28a(+), ND-1scFv was expressed as a
recombinant fusion protein with His tag, consisting of 26kDa
for scFv and 4kDafor Histag and its upstream segquence, 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
BL21linduced by IPTG, which indicated scFv protein was
expressed in theform 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 termina 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
carcinomaassociated antigen LEA, and wesk binding to LEA-
negative HelL a 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 (Xis)
Sample
CCL-187 HelLa
ND-11gG 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 ®"Tc, ®mTc-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 theratios of radioactivity between tumor tissue and normal
tissue (T/NT) were evaluated. The result showed that |abeled
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 *™Tc- labeled ND-1scFv in mice-bear-
ing tumor (xs)

T/NT value
Tissue
1h 3h

Blood 2.61+0.97 2.16+1.05
Liver 1.20+0.40 1.75+1.10
Spleen 2.7240.10 1.23+0.65
Kidney 0.07£0.05 0.26+0.01
Heart 1.75+£0.51 1.90+0.60
Lung 0.8310.31 0.62+0.16

Pharmocokinetic studies

Studies were conducted to define the pharmocokinetic
properties of plasma clearance of ®"Tclabeled ND-1scFv in
mice bearing tumor (Table 3). Compared with intact ND-1
1gG, ®*"Tc-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, Ty,a phase for the scFv
was 5.7 min, Ty,b phase was 2.6 h, while Ty,a and Ty,b for
the ND-1 were 60 min and 18 h, respectively.

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

ND-11gG ND-1scFv
Alpha half-life (min) 5.7 60
Beta half-life (h) 2.6 18

DISCUSSION

The critical issuein application of mAbsisits high specificity
and good in vivo biological features. In thisstudy, 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 V and V 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)*#%, |n this study, the (Gly.Ser);
sequence was used, and the fusion mol ecule was constructed
inVy-linker-V 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 Sall site was provided at scFv 3’ end except for
adding a Hindl 11 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*®?, which was
also confirmed in own studies. pET vector which belongs to
the T7 expression system propagating in E.coli was used to
expressof ND-1scFv. Thisvector contains T7 promoter, which
can achieve high level controlled gene transcription in the
presence of T7 RNA polymerase'® -2, ND-1scFv protein was
intensively expressed to 17 % of the total bacterial protein. In
addition, a 6xHistag sequence exists at the upstream of clone
sitein 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 proteing??1. ND-1scFv protein was purified by
metal affinity chromatography using Ni-NTA resin which can
bind to His tag specifically located on -NH; of scFv. SDS-
PAGE analysis showed that the purity of ND-1scFv was as



Fang J et al. Targeting of human colorectal carcinoma with a single-chain Fv 729

high as 94 %, and the concentration was 1.5 mg/ml,
demonstrating its potential usefulnessin 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!?2I,
Furthermore, scFv exhibited two- phase pharmacokinetic
characteristic in vivo, its Ty,a (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, *"Tc labeled ND-1scFv
accumulated in tumor tissuein 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 studiesin mice
bearing tumor aso showed arapid 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 anideal localizing diagnostic agent
for clinical applications. These were further validated by the
immunoimaging experiments in mice bearing tumor using a
various of scFvsagainst different tumor antigen*>3, 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 Vy and
V of ND-1, may provide anew 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®. On one hand, relative small size of scFv
promotesits rapid uptake by kidney, so that the accumulation
in kidney occurs shortly after injection, on the other hand, the
half life of *"Tc is shorter, which, although beneficia for in
vivo fast imaging, also increases the uptake of labeled scFv
by kidney!?. Recently, Goel et al**34 constructed divalent
[sc(Fv),] and tetravalent {[sc(Fv);].} 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 multivaent scFvswaslarger than scFv,
but till smaller than intact IgG, so thein vivo pharmacokinetic
behavior would be more promising®“%. 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 | P may reduce non-specific uptake
into tissues such as the kidney!®. The ND-1scFv constructed
in this study retained the immunoactivity of parent mAbsand
the clinical application are demonstrated preliminarily in
radiolabling experiment with mice bearing tumor. With further
development, it may become apromising targeting carrier for
clinical diagnosis.

REFERENCES

1  Borsil, Balza E, Bestagno M, Castellani P, Carnemolla B, Biro A,
Leprini A, Sepulveda J, Burrone O, Neri D, Zardi L. Selective
targeting of tumoral vasculature: Comparison of different for-
mats of an antibody (L19) to the ED-B domain of fibronectin. Int
J Cancer 2002; 102: 75-85

2 He FT, Nie YZ, Chen BJ, Qiao TD, Fan DM, Li RF, Kang YS,

10

11

12

13

14

15

16

17

18

19

20

21

Zhang Y. Expression and identification of recombinant soluble
single-chain variable fragment of monoclonal antibody MC3.
World J Gastroenterol 2002; 8: 258-262

Yu ZC, Ding J, Nie YZ, Fan DM, Zhang XY. Preparation of single
chain variable fragment of MG(7) mAb by phage display
technology. World J Gastroenterol 2001; 7: 510-514

Kim SH, Chun JH, Park SY. Characterization of monoclonal an-
tibodies against carcinoembryonic antigen (CEA)and expression
in E. coli. Hybridoma 2001; 20: 265-272

Pavlinkova G, Colcher D, Booth BJ, Goel A, Batra SK. Pharma-
cokinetics and biodistribution of a light-chain-shuffled CC49
single-chain Fv antibody construct. Cancer Immunol Immunother
2000; 49: 267-275

Arakawa F, Yamamoto T, Kanda H, Watanabe T, Kuroki M. cDNA
sequence analysis of monoclonal antibody FU-MK-1 specific for a
transmembrane carcinoma-associated antigen, and construction of
a mouse/human chimeric antibody. Hybridoma 1999; 18: 131-138
De Kleijn EM, Punt CJ. Biological therapy of colorectal cancer.
Eur J Cancer 2002; 38: 1016-1022

Allison DE, Gourlay SG, Koren E, Miller RM, Fox JA. Pharmaco-
kinetics of rhuMAb CD18, a recombinant humanised monoclonal
antibody fragment to CD18, in normal healthy human volunteers.
Bio Drugs 2002; 16: 63-70

Al-Yasi AR, Carroll MJ, Ellison D, Granowska M, Mather SJ, Wells
CA, Carpenter R, Britton KE. Axillary node status in breast can-
cer patients prior to surgery by imaging with Tc-99m humanised
anti-PEM monoclonal antibody, hHMFG1. Br J Cancer 2002; 86:
870-878

Pavlinkova G, Beresford GW, Booth BJ, Batra SK, Colcher D.
Pharmacokinetics and biodistribution of engineered single-chain
antibody constructs of MAb CC49 in colon carcinoma xenografts.
J Nucl Med 1999; 40: 1536-1546

Kim DJ, Chung JH, Ryu YS, Rhim JH, Kim CW, Suh Y, Chung
HK. Production and characterisation of a recombinant scFv re-
active with human gastrointestinal carcinomas. Br J Cancer 2002;
87:405-413

Kobayashi N, Shibahara K, lkegashira K, Shibusawa K, Goto J.
Single-chain Fv fragments derived from an anti-11-deoxycortisol
antibody.Affinity, specificity, and idiotype analysis. Steroids 2002;
67: 733-742

Ren X, Gao H, Su K, Chen W, Yang A, Yu Z. Construction and
nucleotide sequence assay of human anti-HBs variable region
single-chain antibody gene. Shengwu Yixue Gongchengxue Zazhi
2000; 17: 484-486

Nakayashiki N, Yoshikawa K, Nakamura K, Hanai N, Okamoto
K, Okamoto S, Mizuno M, Wakabayashi T, Saga S, Yoshida J,
Takahashi T. Production of a single-chain variable fragment an-
tibody recognizing type |1l mutant epidermal growth factor
receptor. Jpn J Cancer Res 2000; 91: 1035-1043

Hashimoto Y, Ikenaga T, Tanigawa K, Ueda T, Ezak I, Imoto T.
Expression and characterization of human rheumatoid factor
single-chain Fv. Biol Pharm Bull 2000; 23: 941-945

Luo YM, Mu Y, Wei JY, Yan GL, Luo GM. Studies on the optimal
expression condition, purification and its characterization of ScFv-
2F3. Shengwu Gongcheng Xuebao 2002; 18: 74-78

Norton EJ, Diekman AB, Westbrook VA, Flickinger CJ, Herr JC.
RASA, a recombinant single-chain variable fragment (scFv) an-
tibody directed against the human sperm surface: implications
for novel contraceptives. Hum Reprod 2001; 16: 1854-1860

Zeng JZ, Zhou ZY, Wu YQ, Liu ZP, Wang WX, Huang HL, Cai
ZN, Yu JL. Expression of single-chain Fv antibody for anti-beet
necrotic yellow vein virus in Escherichia coli. Yichuan Xuebao 2000;
27:1006-1011

He HJ, Yang WD, Chang YN, Shi HJ, Yang GZ, Wu XF, Yuan
QS. Fusion and expression of the gene encoding human Mn-SOD
to anti-CEA single-chain antibody in Escherichia coli. Shengwu
Gongcheng Xuebao 2000; 16: 566-569

Fernandez LA, Sola I, Enjuanes L, de Lorenzo V. Specific secre-
tion of active single-chain Fv antibodies into the supernatants of
Escherichia coli cultures by use of the hemolysin system. Appl
Environ Microbiol 2000; 66: 5024-5029

Lee MH, Park TI, Park YB, Kwak JW. Bacterial expression and in
vitro refolding of a single-chain fv antibody specific for human
plasma apolipoprotein B-100.Protein Expr Purif 2002; 25: 166-173



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

22 Song LX, YuWY. Construction and expression of anticolonic can- 32 Mayer A, Tsiompanou E, O”Malley D, Boxer GM, Bhatia J, Flynn
cer scFv fragment. Shengwu Gongcheng Xuebao 2000; 16: 82-85 AA, Chester KA, Davidson BR, Lewis AA, Winslet MC, Dhillon

23 Cho WK, Sohn U, Kwak JW. Production and in vitro refolding of AP, Hilson AJ, Begent RH. Radioimmunoguided surgery in
a single-chain antibody specific for human plasma apolipoprotein colorectal cancer using a genetically engineered anti-CEA single-
A-1. ] Biotechnol 2000; 77: 169-178 chain Fv antibody. Clin Cancer Res 2000; 6: 1711-1719

24 Guol, Yan X, Qian S, Meng G. Selecting and expressing protec- 33 Goel A, Augustine S, Baranowska-Kortylewicz J, Colcher D,
tive single-chain Fv fragment to stabilize L-asparaginase against Booth BJ, Pavlinkova G, Tempero M, Batra SK. Single-Dose ver-
inactivation by trypsin. Biotechnol Appl Biochem 2000; 31: 21-27 sus fractionated radioimmunotherapy of human colon carcinoma

25 Sandee D, Tungpradabkul S, Tsukio M, Imanaka T, Takagi M. xenografts using 131I-labeled multivalent CC49 single-chain fvs.
Construction and high cytoplasmic expression of a tumoricidal Clin Cancer Res 2001; 7: 175-184
single-chain antibody against hepatocellular carcinoma. BMC 34 Goel A, Colcher D, Baranowska-Kortylewicz J, Augustine S,
Biotechnol 2002; 2: 16 Booth BJ, Pavlinkova G, Batra SK. Genetically engineered tet-

26 Goel A, Beresford GW, Colcher D, Pavlinkova G, Booth BJ, ravalent single-chain Fv of the pancarcinoma monoclonal anti-
Baranowska-Kortylewicz J, Batra SK. Divalent forms of CC49 body CC49: improved biodistribution and potential for thera-
single-chain antibody constructs in Pichia pastoris:expression, peutic application. Cancer Res 2000; 60: 6964-6971
purification, and characterization. J Biochem (Tokyo) 2000; 127: 35 Power BE, Caine JM, Burns JE, Shapira DR, Hattarki MK, Tahtis
829-836 K, Lee FT, Smyth FE, Scott AM, Kortt AA, Hudson PJ.

27 Hashimoto Y, Tanigawa K, Nakashima M, Sonoda K, Ueda T, Construction, expression and characterisation of a single-chain
Watanabe T, Imoto T. Construction of the single-chain Fv from diabody derived from a humanised anti-Lewis Y cancer target-
196-14 antibody toward ovarian cancer-associated antigen ing antibody using a heat-inducible bacterial secretion vector.
CA125. Biol Pharm Bull 1999; 22: 1068-1072 Cancer Immunol Immunother 2001; 50: 241-250

28 Kang N, Hamilton S, Odili J, Wilson G, Kupsch J. In vivo target- 36 Wang F, Ma QJ. Cloning and expressing of an anti-CD5 single
ing of malignant melanoma by 125lodine- and 99mTechnetium- chain antibody. Shengwu Gongcheng Xuebao 2001; 17: 131-134
labeled single-chain Fv fragments against high molecular weight 37 Yazaki PJ, Shively L, Clark C, Cheung CW, Le W, Szpikowska B,
melanoma-associated antigen. Clin Cancer Res 2000; 6: 4921-4931 Shively JE, Raubitschek AA, Wu AM. Mammalian expression and

29 Kang NV, Hamilton S, Sanders R, Wilson GD, Kupsch JM. Effi- hollow fiber bioreactor production of recombinant anti-CEA
cient in vivo targeting of malignant melanoma by single-chain diabody and minibody for clinical applications. J Immunol Meth-
Fv antibody fragments. Melanoma Res 1999; 9: 545-556 ods 2001; 253: 195-208

30 Reilly RM, Maiti PK, Kiarash R, Prashar AK, Fast DG, Entwistle 38 Yazaki PJ, Wu AM, Tsai SW, Williams LE, Ikler DN, Wong JY,
J, Dan T, Narang SA, Foote S, Kaplan HA. Rapid imaging of hu- Shively JE, Raubitschek AA. Tumor targeting of radiometal la-
man melanoma xenografts using an scFv fragment of the human beled anti-CEA recombinant T84.66 diabody and t84.66
monoclonal antibody H11 labelled with 1111n. Nucl Med Commun minibody: comparison to radioiodinated fragments. Bioconjug
2001; 22: 587-595 Chem 2001; 12: 220-228

31 Turatti F, Mezzanzanica D, Nardini E, Luison E, Maffioli L, 39 Wu AM, Yazaki PJ. Designer genes: recombinant antibody frag-
Bambardieri E, de Lalla C, Canevari S, Figini M. Production and ments for biological imaging. Q J Nucl Med 2000; 44: 268-283
validation of the pharmacokinetics of a single-chain Fv fragment 40 Power BE, Hudson PJ. Synthesis of high avidity antibody frag-

of the MGR6 antibody for targeting of tumors expressing HER-2.
Cancer Immunol Immunother 2001; 49: 679-686

ments (scFv multimers) for cancer imaging. J Immunol Methods
2000; 242: 193-204

Edited by Ren SY



P.O.Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2003;9(4):731-735
World Journal of Gastroenterology
Copyright ©2003 by The WJG Press ISSN 1007-9327

* VIRAL HEPATITIS =

Follow up of infection of chacma baboons with inoculum
containing a and non-a genotypes of hepatitis B virus

Marina Baptista, Anna Kramvis, Saffie Jammeh, Jocelyn Naicker, Jacqueline S. Galpin, Michael C. Kew

MarinaBaptista, Anna Kramvis, Saffie Jammeh, Jocelyn Naicker,
Michael C. Kew, University Molecular Hepatology Research Unit,
Department of Medicine, University of the Witwatersrand,
Johannesburg, South Africa

Jacqueline S. Galpin, School of Statistics and Actuarial Sciences,
University of the Witwatersrand, Johannesburg, South Africa
Correspondenceto: Professor Michael C. Kew, Department of Medicine,
Witwatersrand University Medical School, 7 York Road, Parktown,
2193, Johannesburg, South Africa. kewmc@medicine.wits.ac.za
Telephone; +27-11-4883628 Fax: +27-11-6434318

Received: 2002-12-05 Accepted: 2002-12-22

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 EcoRlI site). The amplicons were cloned into PCR-
Script™ 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
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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 largelivers, and are not endangered.
They have already been the source of xenografts for two
humans undergoing liver transplantation*® (as well asfor a
few patients receiving kidney or heart transplantg? +€). 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 humang?, the donor livers should be resistant
to infection with these viruses. Our study has previoudy shown
that Chacma baboons (Papio ursinus orientalis) are resistant
to infection of hepatitis C virug® but are susceptibleto infection
of hepatitis B virus (HBV).

In the latter study!®, pooled serum from three patients with
acute hepatitis B (the serum of all three was HBV surface
(HBsAQ)- 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 inocul ated 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 %1013,
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¥. HBV
genotypes have a characteristic geographical distribution!*,
which help in tracing the route of HBV infection*¥, and may
influence the severity and outcome of infection with this
virug*”. However, littleisknown about the natural progression
and severity of the infection when more than one genotype is
present!d,

Co-infection with two or more genotypes may be the
consequence of multiple exposuresto infection at an early age
when immune responses are immature or in older individuals
with immune disorderg™, or the result from genotype changes
during seroconversion from e antigen positivity to negativity!®.
Documented cases of co-infection with morethan one genotype
of HBV wererare81%2222 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
“dilent” (HBsAg-negative but HBV DNA-positive), although
with pathological consequences because the patient was
cirrhotic and died of liver failurel*®. This patient may be of
particular interest in view of our failure to detect HBsAgin
the serum of our HBV DNA-positive inoculated baboons®.
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 thetwo genotypesdiffered in their rate of replication
or in their ability to persist in the inocul ated baboons.

MATERIALS AND METHODS

Samples

For this study, serum sampleswhich were collected at 4-weekly
intervals from 4 baboons infected by inoculated HBV™® 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
a 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
HBYV DNA in the pooled serawas 2 133 pg/ml (which was
2 982 pg/ml in another laboratory) using the Digene Hybrid
Capture System (Digene Diagnosisinc., Betsville, MD, USA);
the valuesin 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 C.

PCR assay of HBV

HBV DNA levelswere assessed with a quantitative PCR assay
(Amplicor™ HBV monitor test, Roche Diagnostics). Briefly,
50 m of serum were prepared with pre-treatment with
polyethyleneglycol, alkdinelysisof the pelleted vira 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 wasincubated
with alkaline phosphatase conjugated anti-DNP antibodies and
a colorimetric substrate, then akinetic of O.D. determination
of HBV DNA levelswas performed. The limit of detection of
this PCR assay was 400 copies of viral genome per ml, and
quantitation was linear up to 4x107 copies per ml2:24,

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?¥. Known positive
and negative sera, as well as best quality water were used as
controls for the extraction procedure.

PCR of HBV DNA

HBYV 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 niL. and 50 ni final reaction
volumes for the first and second rounds, respectively. The
reaction for thefirst round of the PCR consisted of 0.02 U/nL
Dynazyme™ Tagq DNA polymerase (version 2.0, Finnzymes
OY, Espoo, Finland), 200 mmol/L of each of the nucleotide
triphosphates, 1 nmol/L of each of the primers, 4 mmol/L
MgCl, and 10 mmol/L Tris-HCI (pH 8.8 at 25 “C), 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 MgCl, wasused. 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 wasthe
same asfor the second round of PCR except that concentrations
of MgCl, of 1.0 mmol/L, 1.5 mmol/L, and 1.5 mmol/L, were
used for thefirst, 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® were strictly adhered
to DNA extraction, the various stages of PCR amplification,
and gel electrophoresiswere performed in physically separate
venues.

Table 1A Oligonucleotide primers

Primer Position®  Sequence

1687(+) 1687-1706 5’CGA CCG ACC TTG AGG CAT AC 3’
Double- PCR1  2498(-) 2498-2477 5’AAGCCCAGTAAAGTTTCCCACC3’
round 2267(+) 2267-2284 5 GGAGTG TGG ATT CGC ACT 3”
PCR PCR2  2436(-) 2436-2419 5° TGAGAT CTT CTG CGA CGC 3’
1687(+) 1687-1706 5°CGA CCG ACC TTG AGG CAT AC3’
Triple- PCR1  2498(-) 2498-2477 5’AAGCCCAGTAAAGTTTCCCACC?3’
round 1795(+) 1795-1812 5” TGG TCT GTC GAC CAG CAC 3’
PCR PCR2  2436(-) 2436-2419 5° TGAGATCTT CTG CGACGC 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

Size®

Denaturation Annealing  Extension

Double-round PCR1
PCR

94°C 30sec  62°C 40sec  72°C 80 sec 812bp

PCR2 94°C 30 sec
Triple-round PCR1 94°C 30 sec
PCR

57°C 50 sec  72°C 50 sec 170bp
62°C 40 sec  72°C 80 sec 812bp

PCR2 94°C 30 sec
PCR3 94°C 30 sec

48°C 60 sec  72°C 50 sec 642bp
50°C 60 sec  72°C 50 sec 134bp

Notes: PCRL1: 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. *Size of the amplicons in base pairs.

Detection of amplified products

A 5m aiquot of theamplified PCR product was el ectrophoresed
in a2 % 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 QI Aprep spin miniprep
kit (Qiagen Inc., Hilden, Germany) and restricted with Pvu Il
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 genotypesin the serum
at that time.

Statistical analysis
Fisher’ s Exact test and the Chi-squared tests were used for
statistical analysis, where appropriate.
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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 Monitor™
Test (Table 2). When serum was available for further analysis
and HBV DNA was successfully amplified, the ampliconswere
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 Africal.

Genotype A
A T C

(@]

== 2 365

2 360
== 359

=2 354
=2 351

OO0

Il
lllﬂll |

=2 340

Genotype non A
G A T C

Figure 1 Sequence profiles of the core region (nucleotides 2 340-
2 368 numbering from the EcoRl 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 4338 3711 ns ns <400 ns <400 <400

Baboon 13 <400 ns ns ns ns ns 26216 1003 ns ns

Notes: ns: no serum available.

Figure 2 showed the relative concentration of genotypes A
and non-A at the varioustime pointsrepresented asapercentage
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
hypothesisthat the proportions of genotype A and non-A were
equal wasrejected in al 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 a a5 % level of testing. In the three baboonsin 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.
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DISCUSSION

Neither HBsAg nor antibody to HBsAg (anti-HBsS) was
detected by conventional tests in the serum of the four
inocul ated baboons at any time during the 52 weeks they were
monitored®. 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?.
The viral titersin 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 wasnormd 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 atechnical 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 anaysis
of the numbers of clonesinvolved 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 alonewasfound in asingle sample, whereas at al
other time-points on either side of this sample, genotype non-
A either predominated or was the sole genotype cloned (Figure
2A). It wasa so 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 samplesfrom
different patients, and we were assessing the effects of ahuman
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 mutationsin the
surface, precore and other regions affecting expression of the
surface gene in both genotypes*®. The A genotype was fully
replication competent, although, surprisingly, thiswasnot 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 analysiswasimpossiblein our study because the study
was carried out retrospectively. Either the serum sampleswere
depleted or when serum was availablefull 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 worldwidel*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*9, It is well established that HBV DNA could
integrate not only into the host hepatocytes but also into sperm
celld™9, Extensive studies have confirmed that HBV DNA
integrated into the hepatocytes will increase chromosome
instability and cause genetic recombination and
hepatocarcinogenesis™*. 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 sequencesin
sperm chromosomes and to analyze features of sperm
chromosomes integrated HBV DNA. The genetic significance
of the results from thisinvestigation 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 proceduresincluded the trestment of semen samplesfrom
the tested subjects, superovulation of golden hamsters and egg
processing, insemination and postinsemination culture and
preparation of chromosome dlided®24,

Analysis of aberrations of sperm chromosome
Sperm chromosome dlides were stained with 10-fold diluted
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Giemsain 50 ml Sorensen’ sbuffer, pH6.8, for 20-30 min and
observed under the light microscope. After the observation,
the slides were stored at -70 C 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'??. The
3.2kb HBV DNA probe with its vector (altogether 6.2kb) was
labeled with biotin-14-dATP by nick trandation (GIBCOBRL
No. 18247-015). Unincorporated nucleotides were separated
by cold ethanol precipitation method.

In situ hybridization Sperm chromosome dideswere orderly
treated with RNase (Sigma) at 100 mg/L for 60 minat 37 C,
then at 50 mg/L pepsin (Sigma) in 0.01N HCI for 10 min at
37 °C, at last at 1 % polyformaldehyde in PBS for 10 min at
room temperature. Chromosomes were denatured at 75 °C for
4 minin 70 % formamidein 2xSSC. In situ hybridization with
denatured DNA probe mentioned above was performed with
amodification of the procedure described by our previous
paper, Briefly, 10 m hybridization buffer (50 % deionized
formamide, 10 % dextran sulfate, and 2xSSC) containing 40
ng/m biotin-labeled HBV DNA probe, 500 ng/m sheared salmon
sperm DNA was placed on each dide. A coverdip (18x18 mm)
was then applied and sealed with rubber cement, followed by
overnight incubation in ahumidified chamber at 37 °C.
Detection of hybridization signals Post-hybridization
washing was carried out, referring to Korenberg’ s methods
for mapping small DNA probes?!, once in 40 % formamide,
2xSSC for 10 min at 40 C, then twice, each for 5 min, in
2xSSC 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
increasetheintensity of the hybridization sgna, asecond round
of amplification was applied by sandwich method as above.
In order to reduce the nonspecific binding, the slides were
preincubated in 4xSSC with 15 % nonfat dry milk for 10 min
at 37 °C 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 mg/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

Table 1 Markers of HBV infection of the tested subjects

agent. Photograghy wastaken 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,
c2-test). The quality of anumber of sperm chromosome plates
of the subjectswith HBV infection was|ow, 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
aberrationsin the control group (P<0.005, c2-test).

Signals of in situ hybridization

Using specific whole length HBV DNA as probe to perform
in situ hibridization on sperm chromosome dlides, the sperm
metaphases of one patient with chronic persistent hepatitis
(subject 6) presented positive signas, all other tested subjects
spermatozoa (50 per subject), aswell 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 spotson
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

Serum

Seminal fluid

Subjects Age

HBsAg Anti-HBc HBeAg

Anti-HBs

Anti-HBe HBV-DNA HBsAg HBV-DNA

Hepatitis?

38
32
25
22
26
23
27
22
25

o+ o+t
+ o+ o+ o+ o+t

ontrols

32
29 - -
23 - -
25 - -
26 - -

OB WNREPODOONO T A~WNPR

+
+

C 4

L

a1: acute hepatitis; 2, 3: chronic active hepatitis; 4, 5, 6, 7: chronic persistent hepatitis; 8, 9: chronic HBsAg carriers.
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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)? 0 1 12 0 0 0 0 6.7 -

6 113 43(38.1) 30(69.8) 5(2)2 41 2(1)2 2(1)* 0 2 1° 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)2 6(1)* 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

chromosomes. The intensity of signal presented distinct
difference among the spots. Positive signals detected were not
identical in the chromosomes and in distribution (Figurel).

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
aberrationswas greatly elevated after the infection of hepatitis
B virus, and FISH could directly visualize the integration of
HBV DNA seguencesinto sperm chromosomes. These results
suggested that HBV infection could produce inheritable
biological effects by carrying genetic materials damaged by
virusor carrying atered genetic constituent due to theinsertions
of virusDNA in germ cells. Aswe know, thisisthe 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
changeswere not found in the healthy controlsunder 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?!. The reasons of
causing chromosomal gtickinessin 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!?¢?7, 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?, Chromosome stickinessitself
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?%, |t was reported that
influenza in spermatocytes of mice could greatly induce the



Huang JM et al. HBV on human sperm chromosomes

739

increase of chromosomal anomalies®®. 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
semind fluid satus of HBV infection; Second, the chromosome
pulverizations were not observed in the controls but were
present in 4 sperm cellsin 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 signalsin 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
viathe germ cellswas further confirmed*#*9, 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
samplest™73233 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*7. 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 theinsertion 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 signalsin 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
duplicationsin situ after the invasion into host genome, during
the processes of making spermatozoa, unequal cross-over or
DNA rearrangementsoccurred repeatedly dueto 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
integrationsinto germ line significantly increased the instability
of gametic genome. Thus, HBV integration into sperm cells
would create extensively inheritable effectsincluding offspring
from such sperm fusion with ovum presenting HBV infection
statusin newborn infant and producing congenital or hereditary
disease (for example, embryonal tumor) by altering genetic
constituent and/or inducing mutationg®4%,

We concludethat H BV infection can bring about mutagenic
effects on sperm chromosomes which show that the incidence
of sperm chromosome aberrationsissignificantly 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 viathe 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 hepatitisin 1997, TTV isanon-enveloped, single-
stranded virus related to the Circoviridae family!> 3. Hepatitis
G virus (HGV) is an enveloped RNA virus member of the
Flaviviridae family. TTV and HGV infections in healthy
blood donorsaswell asin patientswith liver disease have been
recently reported in many areas of the world®?2, However,
the role of these viruses in disease remains uncertain.
Information regarding TTV and HGV infectionsin the Korean
population islimited. Hepatitis B virus (HBV) and hepatitis C
virus (HCV) are the viral agents most readily implicated in
causing aliver disease in Kored? 24, The aims of this study
were to determine the prevalence of TTV and HGV in Korean
blood donorsand patientswith type B or C chronic liver disease,
to investigate the association between blood transfusion and
TTV and HGV infections, and to assess the correl ation 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 patientswith 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 “C within
hours of collection. HBsAg and anti-HCV Ab weretested with
enzyme immunoassay (Axsym, Abbott Laboratories, USA).
Immunoblot assay (ProfiBlot IIN, SLT Lab Instruments,
Augtria) was used to confirm anti-HCV. Serum levelsof adanine
aminotransferase (AL T) and aspartate aminotransferase (AST)
were also measured using an autoanalyzer (Hitachi 747,
Hitachi, Japan).

DNA extraction and TTV PCR

DNA was extracted from 250 ni. of serausing akit (DNAzol,
Molecular Research Center, USA) according to the
manufacturer’ sguidelines. Nucleic acids were dissolved in 50
L of NaOH (8 mM). A 7 nL volume was then removed and
used for amplification of TTV DNA. The PCR reaction was
performed in avolume of 50 nL containing 10 mM Tris-HCI
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(pH 8.3), 50 mM KCI, 1.5 mM MgCI2, 200 mM dNTPs, 0.5
nM of NG059 (5" -ACAGACAGAGGAGAAGGCAACATG-
3’ ) as the sense primer, 0.5 nM of NGO063 (5’ -
CTGGCATTTTACCATTTCCAAAGTT-3') asthe antisense
primer, and 2 U of Tag polymeraseto amplify a286-bp product.
The second-round PCR was done under identical conditions,
except that the template was 5 ni. product from the first-round
PCR, and the sense primer was 0.5 mM of NG061
(5 -GGCAACATGTTATG GATAGACTGG-3' ). Thesize 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 secondsat 95 C,
annealing for 30 secondsat 58 °C, and extension for 30 seconds
at 72 °C, followed by afinal extension for 10 minutesat 72 °C.
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, Kored). 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 asample, nucleic acids were isolated
from 250 ni. of serum using Trizol LS Reagent (GIBCO, USA)
and areverse-transcription PCR (RT-PCR) was performed. A
total of 35 cycles of PCR (94 "C for 30 seconds, 50 ‘C for 30
seconds, and 72 ‘C for 60 seconds for each cycle) were
completed in aprogrammable thermal cycler (GeneAmp PCR
System 9 600, Perkin-Elmer Cetus, USA). The size of the PCR
product was 234 bp. The amplification productswere 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 infectionswith
blood transfusion, previoustransfusion history wasinvestigated
in both patients with chronic liver disease and blood donors,
by examining their medical records or viatelephoneinterviews.

Statistical analysis

Statistical analysis was conducted using the Chi-square test
and analysisof variance (ANOV A). Statistical significancewas
set when P<0.05.

RESULTS

Prevalences of TTV DNA and HGV RNA

The prevalencesof TTV and HGV infectionsin 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 patientswith type C chronic liver
disease. The HGV prevaence 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
prevalencein 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)* 2(1.8) 0(0.0)
Anti-HCV(+) donors 69 14(20.3)* 12(17.4)° 3(4.3)
Patients with type 81  17(21.0* 11 (13.6)° 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)2 2 (10.5° 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)

3P<0.05 vs healthy blood donors, ®°P<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 patientswith chronic liver
disease. Therate of transfusion history was higher in TTV- or
HGV-positive patientsthan 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)% 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)

3P<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
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not elicit any further sgnificantincreasein 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 wasdetected in 8.2 % of heathy blood donorsfrom Korea.
The prevalence of TTV infection among blood donorsin other
countriesis 1.9 % in the United Kingdom®, 3.2 % in Germany!®,
7.5-10 % in the United Stated” ®, 12 % in Japan™, 29.4 % in
Egypt!¥, 36 % in Thailand*”, and 62 % in Brazil*. 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® . 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!® 2. The primer used
in our study was identical to that used in the af orementioned
countries, suggesting that the discrepanciesof TTV prevalence
between countries were not dueto 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 %!'*?2. |n 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
elsewherel®>8, The co-infection rate of TTV in HBV- and
HCV -infected subjectswas similar, afinding also reported by
otherd® 4, 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 findingg?. 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 subjectshad a greater exposureto arisk factor
for viral infections. These viruses may also share acommon
route of transmission.

A totdl of 66.7 % of TTV DNA-postive patientsand 76.9 %
of HGV RNA-positive patients had a history of blood
transfusion. This suggests the possibility of viral transmission
viablood transfusion. TTV and HGV are prevalent in the sera
of persons with hemophilia, intravenous drug users, and
hemodialysis patientd® 82427, 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!®2 21, 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!*™. Oguchi et al. demonstrated
that aTTV carrier state was maintained without hepatitisin
hemodialysis patients over a 5-year follow-up period™. Alter
et al. showed that HGV infection was not associated with
hepatitis and did not worsen the course of concurrent HCV
infection!®Y, Considering all these results, TTV or HGV

infection seemsnot to be related to theinitiation 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 isthe leading cause of chronic
liver disease. Up to 85 % of HCV-infected patients develop
chronic liver disease without elimination of the virug*3,
Chronic HCV infected patients develop cirrhosisin 7 % and
20 % after 20 and 40 years of infection, while symptomsand
alarming biochemical markers appear late!>8. 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!™.

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 anaysis
can reveal information about the inflammatory grade and
fibrotic stage of chronic HCV infection!®. Diagnosis of
compensated liver cirrhosis can be made with ahigh accuracy
neither by percutaneous liver biopsy nor by ultrasound®. In
comparison with percutaneousliver biopsy, laparoscopy allows
macroscopic inspection of both liver lobes that might variate
during progression of liver diseasg™”. Percutaneousliver biopsy
only allows the interpretation of a small biopsy. It has been
reported that histological analysisfail with error ranges above
25 % inthe diagnosis of cirrhosisin chronic liver diseasg*12,
especially during the early phase of cirrhosis (Child A) and
macronodular cirrhosig®¥, In aretrospective study, Poniachik
et al. compared the presence of cirrhosisin 434 patients by liver
biopsy and laparoscopy. Cirrhosis was seen laparoscopically in
169 patients and was confirmed in 115 patients histologicaly.
In contrast, only 2 of 265 histologically confirmed cirrhotic
livers were macroscopically without cirrhosig*4. Ultrasound
guided liver biopsy can result in afal se negative histology due
to the puncture of aregenerative nodule™!. Cardi et al. showed
superiority of laparoscopy over ultrasonography in diagnosis
of widespread liver diseases*®l. Oberti et al. reported that only
prothrombin index and serum hyalorunate were sensitive
parametersfor screening cirrhosig*. 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*®. The absence
of early cirrhosisin 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-alfain the last two decades*2. Old age,
high level of viraemia, HCV genotype Il (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?22-34, Two studies focused
exclusively on interferon treatment in patients with HCV
related cirrhosig®3. After introduction of pegylated interferon
given only once aweek, HCV-infected patientswith cirrhosis
or bridging fibrosis were treated in aclinical trial®. These
dataimplicated that HCV infected patients with liver cirrhosis
need different therapeutic schedules with longer duration and
higher dose of interferon.
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Since cirrhosisis 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 wasto evaluate the potential of laparoscopy
inthediagnosisof cirrhosisand outcome of interferon treatment
in this particular group of patients.

MATERIALS AND METHODS

Patients

L aparoscopy and laparoscopic liver biopsy were performedin
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), acohol and/or i.v. drug abusers and patientswith 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, g¢GT, AP and CHE, as well as
concentrations of serum bilirubin, prothrombin index, g
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.[%3%
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!“.

Laparoscopy

Abdominal ultrasound, el ectrocardiogram and, in patients older
than 60 years, achest 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 wereinjected intramascularly. If necessary,
patients received sedativa or analgetics during the laparoscopic
intervention. During laparoscopy, each patient was given
continuously an isotonic electrolyte solution intravenously.
Patientswere monitored by pulsoxymetry. After local anesthesia,
the pneumoperitoneum wasingtalled by puncturing at Monros
point with the Verres needle followed by insufflation of 2-3 L
nitrous oxide. After insertion of the laparoscope in atrocar with
asdfety 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 cirrhosswas made based
on the following criteria: (1) diffuse noduleson the liver surface,
or (2) shalow nodules (i.e., nodules usudly of large diameter,
dightly protruding from the liver surface) if the liver was hard
on palpation and rigid on lifting with ablunt probe and if clearcut
features of portal hypertension were observed*#2,

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!*l. One
pathologist examined samples unblindedly. A modified
“Histology Activity Index” (HAI) on the basis of reported
staging scores served to assess the stage of fibrosig*+#9l. Absent
portal fibrosis was staged as fibrosis score | (HAI"=0, no
fibrosis), mild to moderate fibrosisasstage || (HAI*=1, fibrotic
portal expansion), marked fibrosis as stage |11 (HAIP=3,
bridging fibrosis) and complete fibrosis as cirrhosis (HAI°=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!*’. 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 rel apse 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 valueswere analyzed
using the Chi-square test, Mann-Whitney test and student’ st-
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 arange
of 27-72 years. Route and date of HCV infection wereidentified
in 44 patients. The duration of HCV infection was 15.449.7 years
and route of viral transmission was blood transfusion in 23 %,
intravenous drug abuse in 18 % and anti-D prophylaxisin 3 %.

L aparoscopy 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 |aparoscopy
(n=21) showed histologically fibrosis stage | in 14.3 % (3/21),
fibrosis stage Il in 19 % (4/21), fibrosis stage |11 in 28.6 %
(6/21) and cirrhosisin 38,1 % (8/21) (Table 1). Therefore 13/21
(61.9 %) macroscopic cirrhosiswas 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 | in 58.8 %
(30/51), fibrosisstage |1 in 31.4 % (16/51), fibrosis stage l11 in
9.8 % (5/51) and cirrhosisin 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 patientsin 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)
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duration of chronic HCV infection in 44 patients of group A
was 23.248.3 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, gGT and g-globulin fraction in
serum electrophoresis aswell assignificant lower prothrombin
index and platelet count than patients of group B. No significant
differenceswerefound for AL T, 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-globulinefraction 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 Sfibrosis
stage score
Patients without signs
of cirrhosis (n=51)

Patients with signs
of cirrhosis (n=21)

Fibrosis | 30 3
Fibrosis Il 16 4
Fibrosis 111 5 6
Cirrhosis 0 8

Absent portal fibrosis was judged as fibrosis score | (HAIP=0,
no fibrosis), mild to moderate fibrosis as stage Il (HAI’=1, fibros
portal expansion), marked fibrosis as stage 111 (HAI’=3, bridg-
ing fibrosis), and complete fibrosis as cirrhosis (HAI*=4).

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

Laparoscopy b

Patients with signs
of Cirrhosis (n=21)

Patients without signs
of Cirrhosis (n=51)

56.36+9.42
23.248.3

41.7£11.2
10.4+5.68

<0.02%
<0.02*

Age (years)
Duration of disease
(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/1) 59.7+54.2 29.3+19.6 <0.02
ALT (U/1) 82.5+70.3 72.6+47.2 ns
gGT (U/)) 72.6478.4 34.1+38.2 <0.02
AP (U/1) 129.8+48.9 137.5+49.6 ns
Bilirubin (mg/dl) 1.1+0.93 1.86+6.23 ns
CHE (U/1) 5114+1331 5910+1001 ns
Prothrombin index (%) 93.8+12.6 102.2+6.3 <0.02
gglobuline fraction (%) 19.9+6.5 13.7£2.9 <0.02
Platelet count (cell/pl) 172 940+65068 253 230457096 <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/1) 35.9£24.9 87.7£67.8 <0.02
ALT (U/1) 64.9£72.2 97.0£66.34 ns
gGT (U/1) 51.64+39.78 103.0+104.6  <0.02
AP (U/1) 126.3+54.6 144.6+39.6 ns
Bilirubin (mg/dl) 0.3640.5 1.4+3.438 ns
CHE (U/1) 5129+1861 4685£1773 ns
Prothrombin index (%) 95.8+10.6 90.7+14.3 ns
gglobuline fraction (%) 16.3+3.2 19.6+10.6 ns

Platelet count (cells/ul) 180 700+56 240 167 000477 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 Il (1b) was the predominat genotype.
The HCV genotypes of the 39 patientswere 2311 (1b), 51 (1a),
31V (2b),5V (38) and 31 (1a) combined with |1 (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 genotypedistribution,
a significant higher rate of genotype Il (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 %) <0.022
Fibrosis staging score (%)

| 7 (50.0 %) 9 (36.0 %)

1 3(21.4 %) 8 (32.0 %)

I 3(21.4 %) 3(12.0 %)

Cirrhosis 1 (7.0%) 5 (20.0 %) ns
Laparoscopic evidence 2 (14.2 %) 9(36.0%) <0.022

of cirrhosis (%)

Data of age were showed as mean + standard deviation; *Chi-
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®®. Laparoscopy is commonly not performed for the
diagnosis of cirrhosis in patients with chronic HCV. The
availability of percutaneousliver 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!“®. However, all imaging
procedures do not alow adirect viewing of theliver. The direct
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visual inspection of the liver and the abdomen isthe privilege
of laparoscopy.

In this study, more chronic HCV infected patients had been
diagnosed of cirrhosis macroscopically by laparoscopic
ingpection of theliver than histologically by using the Menghini
needle for laparoscopic liver biopsy. All patients with
histological cirrhosis aso had cirrhosis macroscopically, but
13/21 patients with macroscopic cirrhosis had no cirrhosis
histologically. Thisdiscrepancy implicates an underestimation
of cirrhosisin 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 cirrhosisin
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!™4. The selection of asuction or cutting
needlefor liver biopsy hasamgor impact at the stage of cirrhosis.
The use of acutting 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**%, In
arandomized 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 needleis significantly better
(89.5 %) than the Menghini needle (65.5 %). Complication
rates were very low with both needles®.

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 |1 (1b) and
laparoscopic evidence of cirrhosis, but not histological
diagnosis of cirrhosis. Nowadays, new therapeutic regimes
have replaced interferon monotherapy. The combination of
interferon-alfawith ribavirin improved sustained responserate
for chronic HCV-infected patientd®2 and for relapsers and non-
responders after initially interferon monotherapy!®3%I,
Increased efficacy was shown with pegylated interferon as
compared with standard interferons in cirrhotic and
noncirrhotic patients with chronic hepatitis C3"%657 and
currently standard therapy is pegylated interferon in
combination with ribavirin'®, In this treatment situation, the
role of liver biopsy has increasingly been discussed®®. |f
patients with positive predictors of virological response, such
aslow 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 patientsfrom immediate treatment!®., Liver biopsy
may become recommended only in those patients whose
pretreatment characteristics predict the lowest success ratel®.
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, fibrosisand
cirrhosisare not availabl€*®. 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 reportg*425%-62 The rate of severe
complications using blind percutaneousliver biopsy isreported
to be 0.3-1.5 % and is amost comparable with laparoscopic
liver biopsy!“+5367, Diagnostic laparoscopy and laparoscopic

liver biopsy are a safe and invasive procedure in patients with
compensated liver disease. Minilaparoscopy has increasingly
emerged as alessinvasive diagnostic method in this field(®,

Based on our data, diagnostic laparoscopy isindicated for
recognition of early cirrhosisin 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 cellg*8, but the improvement in clinical condition was
not obvious and its effective rate was only 50 %**1, The
curative effect of interferon was based on virogtatic 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*®9, |n 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 patientswith 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 wasfrom 18 to
57 yearsold (average 37.3). Theclinical diagnosiswas based
on the modified diagnosis criterion being affirmed on the
Chinese viral hepatitis conferencein 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 yearsold (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. Thetotal course
of treatment lasted sixty months, and per course was three
months. Alpha 2b interferon was given intramuscularly
injection (im) qd for two weeksand 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 I ngtitute, 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, N0:970505. The reagent of PRMI 1640
culture was produced by Sigma (USA).

Instruments

The analysisinstrument of Spector-1 was madein USA; MDF-
135 CO; incubator was made in Japan; Theinstrument for gene
amplification (Hema-8000) was made in Hema Company of
China.

Methods

Thetotal 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-1. 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’ sliquid without Ca2* and
Mg?, lymphocytes separation medium was used to separate
the PBMC. The cells were washed twice with Hank’ sliquid
without Ca?*, Mg? and diluted to (1-3)x10%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 cONA were 94 °C 40 s, 55 C 40 s,
72 °C 1 min, for 30 circles. The amplification parameters for
cDNA were94 'C 505,55 'C 40sand 72 C 90 s, 35 circles,
including initial denaturation for 4 min at 94 °C and last
extension for 5 min at 72 C. 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 m suspension of the PBMC was smeared on the
dide and left dry naturally and fixed with acetone for fifteen
minutes or twenty minutes. The 10 m anti-Tac antibody was
mixed with the membrane of smears. The cellswere grown in
continuous culture (37 °C, 50 ml- L** CO, 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. Thecdlswere grown in continuous
culture (37 'C,50 ml- L1 CO, in atmosphere) 72 h and itsml L-
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 PBM C was counted and its positive cellswere
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 analysisincluded analysis of Chi-square (¢?) 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. Theresults 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). Thelevel of mIL-2R in
situation of silence and inducement stages after treatment with
apha 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 42310 15 57.692 17 65.38°
treatment
Routin 22 3 13.64 5 22.73 6 271.27

treatment

2P<0.05, °P<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 c? P
+ R
+ 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, xs, %)

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+0.77°¢  30.34+3.55 33.62+3.95%
Routin treatment 22 2.4310.78 2.95+0.72*¢  30.07+3.87 30.04+3.73¢
Normal control 20 4.54+1.48 37.42+4.10

ap<0.05, "P<0.01 vs before and after treatment, °P<0.05, 9P<0.01
vs interferon treatment.

DISCUSSION

There are three kinds of interferon, a, b, g. Interferon aphais
the mogt 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.
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Theprotein kinaseand 2' , 5’ AS can be produced after being
infected by virusin cells. The degradation of virus-RNA can
be made by endogenous ednonuclease induced with activated
2,5 AS o that the necessary enzyme activity for synthesis of
riboseiskilled, the synthetic protein of virus can be decreased,
the growth of hepatitis virus C is inhibited?3%,

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 isan important index to evaluate condition of the
patient’ §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
Ci2831, Theresultsof 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). Thisresult had showed that the inducing capability
of apha2binterferoninlymphocytesof the patientswas 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. Therewere four cases of chronic hepatitis
C with negative in serum and positivein PBMC. It indicated
that with the T lymphocytes activation, multiple cell factors
were rel eased, 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 wastheir responseto interferon
and anti-HCV[31, 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 ASto
eliminate HCV-RNAEFE,

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, NS;, NS, and had high specificity and
sensitivity!®49, Therate 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 caseswith anti-HCV (-) in serum and HCV-RNA
(+) in PBMC, two caseswith anti-HCV(-) in serum and HCV -
RNA(+) in serum. Thisresult 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®. The probable reasonswere: (1) After being treatment
of dpha2binterferon, theleve 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 isan important symbol of active T cellsand plays
key role on biologic effect of IL-2 and itslevel can reflect the
course of activity of T cellsand immune state’®®4!. 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
HCYV ishigh, 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 isnot 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 rel eased so that
many liver cellswill beinjured. TheslL-2R, akind 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 stageswas 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 a pha 2b interferon than that before treatment
of alpha 2b interferon (P<0.01). The active T cells and high
level of mIL-2R can beinduced 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 aso
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 s multaneoudly.
In treatment of HCV with alpha 2b interferon, the value of
negative change of HCV-RNA in serum aloneislimited. In
well equipped hospital both HCV-RNA in serum and PBMC
can be examined at the sametime.
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Abstract

AlIM: 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 1gG 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 factorsin
the stomach may result in the chronic process of gastritis with
glandular atrophy (AT), intestinal metaplasia (IM), dysplasia
(DY S) 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*. It is now recognized that
the clinical detection of serum antibody is effective in
monitoring the H. pylori infection!>®. However, H. pylori
infection and thelevelsof 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 dilemmafor CGl".

To determinethe prevalence of H. pylori infection, the serum
anti-H. pylori immunoglobulin G (1gG) and IgA antibody
responses, and the value of clinical presentationsin diagnosis
of H. pylori infection in patients with gastric atrophy, intestinal
metaplasia and dysplasiaa popul ation-based investigation was
designed and a novel analytic method was proposed in this
work. The study also took adifferent perspectivein ng the
association between H. pylori infection and clinica 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 amean 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 gastritig®. 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 DY S 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 viaendoscopy. Gastric mucosawas
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 asatypical curvelike Sor C. They look like a short
bacilli or globular body with adight 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 1gG and IgA antibodies. The
test kits for the detection of anti-H. pylori -1gG and anti-H.
pylori -IgA were purchased from Bioseed Co., USA. Thevaue
of the optical density (OD) wasread by amicrotiter 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) Genera status including
ear, eye, physique, complexion, stool, urine, oropharynx, taste,
swollen, head, limbs, chest, hand and foot; (3) Spirit and
psychological statusincluding spirit, Seep, 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’ st 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 ont®., 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 DY S, 51.3 % (39/76) in mild CAG, and
68.2 % (15/22) in severe CAG, respectively. Analyses of chi-
sguare test showed that the detected positive rates of H. pylori
were similar in mild IM, mild CAG, DY S, and severe CAG
groups. The H. pylori positive rate in severe IM group was
statigtically 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 ANV OA analysis showed that there
was no significant difference among four groups with different
ages (P>0.05). Bivariate correlation analysisa so 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 1gG 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 1gG level was significantly
greater in severe CAG thanin mild CAG (P<0.01). InH. pylori
negative patients both the serum 1gG and IgA levelsincreased
significantly in severe IM, compared to those in mild IM
(P<0.01-0.05). Therewas no significant differencein 1gG 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%) @ 16 (72.7%) 49 (84.5%)° 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.?P<0.05, "P<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
Positive (%) 64 (62.1%) 76 (71.7%) 10 (62.5%)
Negative (%) 39 (37.9%) 30 (28.3%) 6 (37.5%)

47 66 80
32 (68.1%) 39 (59.1%) 59 (73.8%)
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
) ¢ ) ¢ ) ¢ ) ¢ ) ¢
19G(1) 2.86+1.8° 0.38£0.27  4.48+2.14>  0.53+0.27 3.86+1.87° 0.14+0.07 3.1%2.34%  0.55+0.29¢ 2.74+1.67° 0.23+0.17
19G(2) 3.26+2.16° 0.46+0.24  4.52+3.27°0  0.54£0.29  4.44+2.56° 0.3+0.18  3.5£1.98°  0.54%0.29 3.33+1.87° 0.72+0.97
IgA(1) 0.85+0.7°  0.24+0.22  0.99+0.49°  0.21+0.16  0.83%0.39° 0.1+0.06 0.93+0.79  0.33+0.16°  0.94+0.89° 0.13%0.13
19A(2) 0.96+0.83° 0.25+0.21  1.08+0.59*  0.27+0.16  0.99+0.72®  0.12+0.07 0.89+0.63* 0.32+0.19¢ 0.78+0.6°  0.15+0.13

CAG, chronic atrophic gastritis; IM, intestinal metaplasia; DYS, dysplasia. (1) The first detection. (2) The second detection. 2P<0.01,
bP<0.001, H. pylori (+) vs. H. pylori (-). °P<0.05, H. pylori (+) mild CAG vs. H. pylori (+) severe CAG; “9P<0.05, H. pylori (-) mild IM vs.
H. pylori (-) severe IM.
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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 (all?) 70.7% 42.3%
and general status
Pathogenic factors, Smoking, alcohol, dietary regularity, limbs, and tongue quality (all?) 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 (all?)
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 (all?)
Digestive symptoms Distending fullness in the stomach, stomachache, pain in the abdomen, 72.1% 26.1%
and tongue nausea, and fur of tongue (all?)
General status Taste, swollen, head, limbs, chest, hand and foot, spirit and sleep, 50.7% 40.6%

emotion, complexion (all?)
Total symptoms 35 itemsP 65.7 % 40.6 %

3pP<0.05-0.001, the difference between two classes tested by the ANOVA analysis. °P<0.05-0.001, except dietary bias, dietary regularity,
urine, oropharynx, eye, ear, physique, tongue quality, and tongue body.

Table 4 showsthe diagnostic accuracy of H. pylori infection
determined by different assemblages of clinical presentations.
The overal diagnostic accuracy based on 35 presentationswas
65.7 %. It could beimproved by 5.7 % when the only digestive
symptomswere engaged, or by 8.6 % when further information
were referred such as the assemblage of pathogenic factors
(smoking, alcohal), 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
symptomsonly, 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 specia 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 resultsin
Table 1 show that the detected positive rates of H. pylori
increase significantly in patients with mild CAG (51.3 %, 39/
76), DY Sand 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
changesin CAG™9, IM™ and DY S*2. Our investigation further
explored the gatigtic probability of H. pylori infection at different
sages 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 mucosauntil the atrophy and intestinal
metaplasia occurring in the course of CG.

A mostly pathological mechanism of H. pylori infectionis
theimmunopathol ogical response of host. When CG occurs, a
detectable specific humoral immunological response will be
established. The appearance of serum antibodies such as 1gG
and IgA may indicate an extensive immunoreaction causing
by H. pylori infection. The serum anti-H. pylori -1gG antibody,

therefore, acts as a highly accurate, simple and noninvasive
method in monitoring the status of H. pylori infection> 3. In
our study, both serum anti-H. pylori 1gG and 1gA areremarkably
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 1gG 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 1gG 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 acertain arrearage between serum
antibody and H. pylori. It isreported that the IgA response of
gastric mucoa in CG patients can be detected even in the
quiescent period of negative H. pylori infection dueto the recent
exposure to the bacterial antigend®.

The clinical situations of CG patients are intricate. They
are divergent by the pathological changes of gastric mucosa,
and are affected by environmental factors* . By means of
the cluster analysis method, we found that the proper
assembl ages such as digestive symptoms, pathogenic factors
(smoking, acohal), 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® and the tongue change!*” 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) isbased on
the differentiation of symptom-complexes!*® . Our
investigation suggests that H. pylori-related symptomatic
assemblages can be taken into consideration in practicality
and methodol ogy during the diagnoses and treatment of CG.
More effective symptomatic assemblages and their effects
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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 1gG 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

AlIM: 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 IlI: 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-kB 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 dayl12
(P=0.067). NF-kB activity, IFN-gand 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 along
time after immunotherapy™. 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!*?. 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 cytoplasmaand encoded by loci not linked to the MHC
gene were caled 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
yetl¥. Thusin 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: [g
#P)ATP (Furui bioengineering Corp, Beijing); EMSA assay
kit (Promega); NF-kB double stranded oligonucleotide, 5’ -
AGTTGAGGGGACTTTCCCAGGC-3', 3'-
TCAACTCCCCTGAAAGGGTCCG-5' (SantaCruz), NF-kB
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®. The
protein contents was measured according to the method of
Bradford. Then the protein was lyophilized by CHRIST
lyophilizer and stored at -80 C.

Surgical procedure, experimental groups and sample
harvesting Rats were anesthetized with ether inhalation.
Orthotopic rat liver transplantation was performed by
Kamada' stwo-cuff technique®. The animals surviving less
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then 3 days after the transpl antation 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 I1: acute rejection
(SD-to-Wistar); Group Il1: 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 L SA oneweek beforetransplantation (L SA+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 timein Group Il 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-
kB 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'®.

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-g
sense primer, 5 -ACTGCCAAGGCACACTCATT-3', IFN-g
antisense primer, 5 -AGGTGCGAT TCGATGACACT-3’

(size 235bp); b-actin sense primer, 5 -TCGTACCA
CTGGCATTGTGA-3', b-actin antisense primer, 5’ -
TCCTGCTTGCTGATCCACAT-3' (size 645bp).
Amplificationswere performed under the following conditions:
95 °C for 2 minutes, 94 °C for 45 seconds, 56 ‘C for 45 seconds,
72 “Cfor 45 seconds, totally 32 cycles. The final extension
step was performed by one cycle at 72 ‘C for 10 minutes.
Reaction buffer: 10xBuffer 2.5 m, 10 mM dNTP 1 mi, MgCl
2 m, cDNA 2 m and 1 ni of each primer, ddH,O was added to
get the final volume of 25 m. 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’ srecommendations.
Two microliters from the resulting cDNA solution were then
amplified using specific oligonucleotides under the reaction
conditionsusing b-actin asa* housekeeping gene” in avolume
of 25 ul PCR buffer. Reaction products were run by
electrophoresison a 1.5 % agarose gel for 30-40 min at 100 V
in 0.5xTrigborate/EDTA buffer, and visualized with ethidium
bromide under UV light. Relative expression of cytokineswere
defined as optical density ratio (cytokine/b-actin) analyzed by
Kodak digital science scanning system.

NF-kB activity of splenocytes and EM SA competitive
inhibition NF-kB 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!™. The contents of protein
were determined by the method of Bradford. NF-kB
oligonucleotide was end-labeled with [g-*2P]ATP according
to the manufacturer’ s recommendations. For EMSA, 10 ug of
each nuclear extract was mixed with 5xbinding buffer at room
temperature for 10 min. Then 1 ul [g-*2P] ATP -labeled double
strand NF-kB 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 0.5xTris/borate/EDTA buffer to

separate probe binding to NF-kB and free probe. Radioactive
bands were detected by autoradiography at -70 ‘C followed
by radiography to detect the level of retardation. The results
were expressed as relative optical density (ROD). To study
whether the method of EM SA was specific, standard nuclear
extract of Hela cells was used to bind with NF-kB protein.
The specificity of binding was confirmed by 100 fold excess
unlabeled NF-kB oligonucleotide as a specific competitor, 100
fold excess unlabeled non-related oligonucleotide as a
nonspecific competitor and 100 fold excess unlabeled mutant
NF-kB oligonucleotide as a mutant competitor. All unlabeled
oligonucleotides were preincubated with Hela nuclear extract
at room temperature for 10 min then labeled NF-kB
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 correl ation
analysis was used between parameters. P<0.05 was considered
as statistically significant.

RESULTS

Postoperative common situation and survival time

The common situation of ratsin 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 al recipients survived
for along time. Recipients of ratsin 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 timewas 10.7+0.51 days. Although 5 of 6 recipients of
ratsin the SD-to-Wistar+CsA group survived for along 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.
Asfor the LSA+SD-to-Wistar group, 5 of 6 recipients survived
for along 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.
Inthe SD-to-Wistar group, afew portal lymphocyteinfiltrations
combined with minimal vein endothelialitison day 1 wasfound
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 inflammeatory infiltration and
endothelialitis could be found on day 7 and day 12, in which
grade 1 rejection wasdiagnosed. Asfor the LSA+ SD-to-Wistar
group, rejection gradeswas0 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. Thustheir rejection
gradeswere al defined as 1.25 which were significantly lower
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Figure 1 Rejection grades of grafted liver in different groups.
Data were expressed as mean+SD. |, Wistar-Wistar group; 11,
SD-Wistar group; Ill, SD-Wistar+CsA group; IV, LSA+SD-
Wistar group; Rejection grades of group IV were significantly
lower than that in groupll at all but day 1 time point. No sig-
nificant discrepancies were found between grouplV and
grouplll on day 7 and day 12 time points. 2P<0.05 vs groupll,
5P>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, vsthe Wigtar -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-g mMRNA expression in
different groups was shown in Figure 3. Very weak |FN-g
MRNA expression was detected a 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-gmRNA 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). Asfor 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-g
MRNA was correlated to the histopathological damage.
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Figure 2 The kinetic change of intragraft IL-2mRNA expres-
sion in different groups. I, Wistar-Wistar group; 11, SD-Wistar
group; I, SD-Wistar+CsA group; IV, LSA+SD-Wistar group;
IL-2mRNA expression of group IV were significantly lower
than that in group Il at all time point (P<0.05).

Wistar group; 11, SD-Wistar+CsA group; IV, LSA+SD-Wistar
group; IL-2mRNA expression of group IV were significantly
lower than that in group Il at all time point (P<0.05).
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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.
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Figure 5 NF-kB 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-kB activity. NF-kB activity of group
IV were significantly lower than that in group Il 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-kB activity was found after the specific competition,
whereas NF-kB 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-kB activity of splenocytes in Figure 5 showed the
autoradiographic results of splenocyte NF-kB DNA binding
activity in different groups (A, B, C, D). Low NF-kB activity
was only detected on day 5 and day 7 in the Wistar-to-Wistar
syngeneic group after the transplantation. In contrast, NF-kB
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-kB 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-kB activity
was significantly inhibited in the SD-to-Wistar+CsA and
L SA+SD-to-Wistar group (Figure 5E).

Correlation analysis

A good correlation was found between the activity of NF-kB
and intragraft IL-2 aswell as IFN-gmRNA 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-g
MRNA expression were correlated to histopathol ogical 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®*?, and also by
intrathymic inoculation of donor soluble MHC antigen(**29,
However, intrathymic inoculation of donor soluble non-MHC
antigen have not been reported heretofore. In this study, we
inoculated donor L SA into recipient thymus before the liver
transplantation so that rejection was greatly inhibited. Only
mild rejection wasfound in grafts and was significantly lower
than that in the non-L SA inoculated group and similar to that
in the CsA treated group. Recipients survived for along time
due to the induction of immunotol erance.

Although the rejection grades in the L SA+SD-to-Wistar
group wasincreased 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). Thisrejection
kinetic change in the L SA+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 L SA+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 wasincreased 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. Asfor the SD-to-Wistar+CsA group, rejection
was greatly suppressed due to the effect of CsA and recipients
survived for along time, which was consistent with previous
reports®®. The rejection gradesin 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’ phasel*”.

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 L SA+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-g 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
L SA+SD-to-Wistar group (P<0.046,vs SD-to-Wistar group)
(Figure3). IL-2 and IFN-g are the representative cytokines
secreted by Thl cells which play important roles in transplant
rejection(*®2%, Both intragraft IFN-g mRNA and protein were
increased when grafts were rejected???, |FN-g not only
increases expression of MHC class| and class |1 antigens of
intragraft, but stimulates cells without expression of MHC
class Il antigens at quiescent state to express MHC class |1
antigens?, Thusinhibiting the synthesis and secretion of IL-
2 and IFN-g is one of the mainly target for preventing
transplantation rejection all the while.

As an important nuclear transcription factor, NF-kB 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®¥, thus extensively regulating the expression of these
genes. Apart from that the change of NF-kB activity exertscrucia
effects on the proliferation and activation of immune cells, NF-
kB is also an important antiapoptotic nuclear factor?>?, So the
change of NF-kB activity may play a crucial role in the
immunoresponses and directly influence the immunoreaction
after the transplantation. In its quiescent state, NF-kB is
localized in cytoplasmin acomplex with itsinhibitory proteins
(IkBs)i?"28 which mask its nuclear localization signal and
prevent itsfrom trand ocation to the nucleus. NF-kB isactivated
through phosphorylation and IkBs is subsequently degraded
and then trand ocated into nucleusto bind with specific DNA
sequences to regulate the expression of related gened?l. NF-
kB regulates the transcription of 1L-2 mRNA through binding
to its binding sites in down-stream of I1L-2 gene promoter. It
has been demonstrated in vitro that activated NF-kB can
directly result in high level expression of IL-2 mRNA and
promote the proliferation and activation of T lymphocyte?,
IFN-g gene belongs to lymphokine gene family and is related
to transplantation rejection. Itstranscription parallels that of
other lymphokine genes such as |L-2 whose promoter activity
can be enhanced by NF-kB protein®31, |n this regard, the
ubiquitous factor NF-kB controlling a number of cytokines
may have rolesin the transcription of IFN-ggene. It has also
been demonstrated that NF-kB interacts with NF-AT to
coregulate the gene expression of IFN-gin vitro® 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-kB and the expression
of IL-2 and IFN-gmRNA and its mechanisms with or without
CsA and LA Streatment. A good correlation wasfound between
the activity of NF-kB and the expression of intragraft IL-2 as
well asIFN-gmRNA in thisstudy (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-gmRNA were correl ated
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to the histopathological damage (pearson correlation analysis,
r=0.856 and r=0.680 respectively, P<0.01, n=20). Thusit is
believable that allotransplantation rejection is partly dueto the
activation of NF-kB at least. Both CsA and intrathymic
inoculation of donor LSA can inhibit the activity of NF-kB
and further inhibit the expression of 1L-2 and IFN-g mRNA
and rejection after the transplantation.

We preiminarily discussthe specific tolerance mechanisms
induced by LSA: T lymphocytes recognition process of tissue
specific antigensis 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 L SA should beindirect.
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®. 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®; 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™?. This may
be just as what Desquenne postulated that it should make it
easier to induce tolerance of skin antigen aswell as other tissue
specific antigen when MHC incompatibilities prevail .
Besides, special attention must be paid to the L SA+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’ simmunaofunction, in
contrast recipients immunuofunction was normal. Thisis
perhapsthe 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 isin real sense adonor 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
isreported here for the first time that intrathymic inoculation
of LSA can induce permanent and specific immunotolerance of
liver alotransplantation, which show that hepatocytesare directly
involved in theimmunoreaction of liver transplantation. It san
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 immunotol erance.
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Abstract

AlIM: 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 administration 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 cirrhatic livers. The binding capacity of GHR (Rr, 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 (x10%/cell) of GHR on rat cirrhotic hepatocytes
(0.86+0.16) was significantly lower than that (1.28+0.24)
in control (=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 acommon pathway of a variety of chronic
liver diseases” and is associated with high protein catabolism,
low anabolism and negative nitrogen balance resulting in
hypoproteinemia which contributes to ascites, dysfunction of
coagulation and suppressed immune reponsest®! as
pathophysiological outcomes. In fact, progressive nutrition
deficiencies and muscle wasting are universal problems and
critical predictors of morbidity, mortality and survival*® after
surgical intervention. Early reports showed that cirrhotic
patients requiring emergency abdominal surgery exhibited a
higher mortality!®. In retrospective studies of liver transplant
recipients, protein-calorie malnutrition had been associated with
adverse outcomes in patients with end-stage liver diseased” 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!®. Nutritional support is critical for patients
with hepatic cirrhosis. Y et, studies have shown that aggressive
nutritional support is essential but not effective enough to
prevent protein loss and optimize the care of these patientsin
severe catabolic illness, including cirrhosig®o 14,

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!*?, organ
transplantation!*®!, major trauma*¥! and severe burng*® to
enable them to survive an aggressive surgery and gain access
to anew lifel®. After treatment of rhGH, donor site healing
rate in children with severe burns enhanced and thus
decreased a 14-day hospitalization time**%, Mortality rates
in severely burned adults dropped 26 %2%, Cell-mediated
immunity significantly enhanced, wound infection rates and
length of hospitalization in a large group of post surgical
patients decreased®. Some clinical trial reported that growth
hormone enhanced nitrogen retention in patients with chronic
obstructive lung diseases?d, severe sepsig® 24 and wasting
status of AIDS?> 2 and in fasted adult volunteers. Although
there are many controversies?”2, it has been confirmed that
rhGH is an effective drug to accelerate protein anabolism!®2
and plays a central role in metabolic intervention with a
significant cost-effect benefit3,
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The action of growth hormone depends on its binding with
growth hormone receptor on cell membrane®l. 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 asradioligand 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 9to 12 weekd® 3, Two hundreds male Sprague-Dawley
rats (200-300 g, Medical Animal Center, Sun Y at-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 libitumin cages placed in aroom with 12-hour light-
dark cycle and constant humidity and temperature (25 C).
At the 3¢, 6, 9™ 12" week and the 15" week (3 weeks
after withdrawal of TAA) after induction of liver cirrhosis 10
ratsfrom 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 “C 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-mm sectionswith Masson’ strichrome stain.
Under photographic analytic microscope (Carl Zeiss Axiotron,
OPTON, Germeny), threerandom areas in each section of liver
slide were chosen and captured in RGB format with 24-bit
true colors at aresolution of 768x512 in real time by the VC
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 asa
percentage of positive staining areain the total area®" %,

Hepatocyte isolation

At 9-12 weeks of the study, liversin 10 rats from each group
were perfused in situ through portal vein with collagenase (type
IV, 90 or 120 U/ml)4%, Hepatocytes wereisolated at 4 'C by
centrifugation (50xg, 5 min or 1xg, 10 min). Cells were re-
suspended for radio-ligand binding assay in RPMI| 1640
medium without serum to afinal concentration of 1.0x10° 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 ratsin each
group at the 9" week during the induction of cirrhosis by a
single-step method“Y. Integrity and quality of RNA weretested
by electrophoresisin 1 % agarose-formaldehyde gels stained
with ethidium bromide. The RNA concentration was eval uated

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)“2, The forward primer (GHR4548) was 5’ -
*ATGTGAGATCCAGACAACG-3 with thefirst base*A at
the5' end asan 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 MasterAmp™ RT-PCR kit
(Epicentre, Madison, USA) for detection of GHR mRNA“,
The procedure of RT-PCR was similar to that of literaturel,
Negative controlsin RT-PCR included reactionsin the absence
of RNA sample or primers or RT reaction to detect possible
contamination of genomic DNA in RNA samples. The
experiment was cond dered ineffectiveif therewasany incidental
band in lane of negative control. 10 m of each PCR products
was subjected to el ectrophoresisfor 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 bandxits area (pixel).

Membrane microsome preparation

The microsomal liver membrane fraction was prepared by
differential centrifugation of liver homogenate according to
Papotti“!. About 1 g tissue from rat livers was chopped and
homogenized with an electric homogenizer (Vorsicht,
Malaysia) inice-cold (4 “C) phosphate buffer (PBS) containing
0.25 M sucrose. The mixture was centrifuged at 1 500xg for
15 minutes. The supernatant was collected and centrifuged at
30 000xg for 30 minutes. The pellet was re-suspended in 3M
MgCl, for 5 minutes to remove endogenous GH binding“®!
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 m (approximately 20 000 cpm) of
125-hGH (NEN Inc, Boston, USA) with a specific activity of
about 108 nCi/ng, 100 m of unlabeled hGH in PBS and 100 ni
of liver membrane microsomes or liver cells were mixed and
incubated at 4 °C over night. Paralldl incubationswere 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 hormoneswere separated by filtration
(0.18 mm mesh filters, Shanghai, China)!*l. The pellets on
membrane were subjected to agammacounter (SNg682, Rihuan,
Shanghai, China). GH binding affinity constant (Kd, nM) and
binding capacity (Ry, fmol/mg protein) or numbers of %51-GH
binding sites of hepatocytes (x10%cell) were calculated by
Scatchard analysis using the LIGAND program!{“: 4,

Statistical analysis

Results were expressed as the mean = SEM (x+s) and analyzed
by ANOVA and least significant difference (L SD) method with
an acceptance of significance as P<0.05.
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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 stagesof pathological changeswere manifested
during the development of liver cirrhosis: (1) scattered necrosis
and cellular degeneration at the 3 week; (2) fibrous
proliferation at the 6 week; (3) pseudo-lobule formation at
the 9" week; (4) massive nodule formation at the 12 week
and (5) partial reversion of cirrhosis at the 15" 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 6,
g, 12" and 15" 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
314, 6, 9" week and reached to its turning point at the 12t
week (P<0.05), then went down, but still above normal level
at the 15" week.

Table 1 Dynamic alteration of RCC, Ry 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

3dweek 1.29+0.23 1.56+0.35 75.8+5.1 55.2+4.5° 0.62+0.03  0.61+0.07
6" week 1.19+0.21 10.8+2.5* 77.3+4.3 42.6+2.1* 0.64+0.05 0.58+0.06
9" week 1.16+0.18 20.2¢3.6® 74.9+3.9 30.8£1.9% 0.61:0.09 0.60+0.04
12"week 1.27#0.25 28.0+4.3® 732454 17.5+2.5® 0.60+0.08 0.59+0.07
15" week 1.13+0.24 15.2+2.6® 715+4.9 20.8+1.6° 0.58+0.06 0.61+0.09

3P<(0.05 vs a previous time point, ®°P<0.05 vs control group. RCC:
relative content of collagen (%) indicating severity of liver fibrosis;
Ry: total binding capacity of receptors (fmol/mg protein) corre-
sponding to the quantity of receptors; Kg: 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 pointsin various groups
and specific binding for »1-hGH was detected in all samples.
The Scatchard analysis of GH binding capacity (Rr) and affinity
(Kd) on each sample was performed and a single class of
specific GH-binding siteson liver cell membranes, that iISGHR,
was reveaed in both normal and cirrhotic liver tissue samples
by linear Scatchard plots (Figure 1).

No significant change of Ry and Kd wasfound in liver tissue
samples during the period of 15 weeksin control group (P>0.05)
(Table 1 and Figure 1). While compared with that of the control
group at the sametime point, Ry decreased significantly (P<0.05)
at the 3¢, 6™, 9", 12" and 15" week although no change of Kd
wasobserved in cirrhotic model group. When compared among
the different time points in the cirrhotic model group, Rt
decreased gradually at the 39, 6™, 9" week and reached to its
lowest point (P<0.05) at the 12" week, then increased but still
under normal level at the 15" week.

The correlation analysis manifested a significant negative
linear correlation between Ry 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 (x10%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)
whilethe 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).

0.15 4
™~ Control group
Model group
%3 week
0.10 1 6 week
';’g 9 week
12 week
15 week
0.05 +
0.00 . . . . .
0.00 0.02 0.04 0.06 0.08 0.10

B (nM)

Figure 1 Scatchard analysis of GH-binding in rat liver tissue.
Microsomes of liver tissues were incubated with '#I-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, Rr=Bmax/protein concentration) and
affinities (Kd=negative reciprocal of slope) were calculated from
the competition assays by Scatchard analysis.
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Figure 2 Correlation between R; (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. Thelevel of GHR mRNA (iOD, pix€l)
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).

1 M2

-499 bp

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 transductionl*47-50.54  but the expression of GHR in
some pathological states such as cirrhotic hepatocytes,
malignant cellsis not clear. Chang® reported that *2°I-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 hinding.
Another study!™ showed that specific binding of **I-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 wasfound in alater
stage of cirrhosis.

In present study, %I-hGH binding activity of cirrhotic
hepatic tissue was studied with radioligand binding assay, and
asingle 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®3.

The relationship between the GHR expression in cirrhotic
tissue and the stage of liver cirrhosis has not been reported. In
our study, *#1-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
fibrosisand 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*”%3. 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 cirrhosiswas
one of the important factors predisposing the down-regulation
of GHR expression(>,

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 (Ry) in cirrhotic liver tissue indicated
the GHR expression on membrane microsomesin hepatocytes
and interstitial cellsand could be affected by non-parenchymal
cellsrather than fibrotic tissue®!. The quantitative measurement
of GH binding sites on parenchymal cellsfrom cirrhotic livers
had not been reported previoudy. 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 areduced 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 al so.

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 isincompletein several hourg™!. Therefore,
GH binding was determined on microsomes that had been
desaturated by exposure to 3M MgCl, for 5 minutes“. It was
reported that the specific binding of *#I-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!“,
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-1b, TNF-a and
glucocorticoids seemed to beinvolved in the likely mechanism
of the reduced GHR expressionl*® 5657,

It is necessary to investigate the changes of GHR and its
MRNA simultaneously in order to understand the biological
events at different levels. Shen' 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
receptorsin alater stage of cirrhosis reduced significantly.
These resultsimplicated 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 hepatocyted®.
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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 ®H- methionine/valine via
jejunum. The ®H 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 *H into proteins in groups B
and D was (0.500+0.020) % to (3.670+0.110) % and
(0.70840.019) % 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 *H 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 H 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.
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valine-depleted enteral nutrition on nucleic acid and protein
metabolism in tumor-bearing rats. World J Gastroenterol 2003;
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INTRODUCTION

Parenteral nutrition (PN) isnow asupportive therapy commonly
used for cancer patients. However, some studies have suggested
that PN with amino acid balanced solutions may prompt tumor

growth>3, Previous studies have shown that tumor growth was
inhibited by adiet or PN lacking in methionine/vaine. However,
the mechanism is not yet known**9., 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

*H-methionine (*H-Met, specfic activity of 148 MBqg- mg?) and
*H-valine (®H-Val, specfic activity of 240 MBg- mg?) 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?). The
animals were undergone catheterization of jejunostomy (day
0). A siliconerubber catheter (2 mm 1D, 3mm OD) wasinserted
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 aswivel so that animalscan move without
any regtrictionsin individual metabolic cages. The cannulation
system consists of an microinfusion pump, aswivel, rat-harness
and a silicone-tube-jgjunostomy. Coprophagy was prevented
by an own model of faecal collection cup. Animalswere 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 O, the rats were
inoculated subcutaneously in the right flank with 107 tumor
cells of approximately 0.1 ml of cell suspension. Tumorswere
palpablein 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 (jejuna feeding):
Group A: TB ratswerefed entera nutrition solutions composed
of balanced amino acids for 6 days before injection of 740
KBq *H-MET.

Group B: TB rats were fed methionine-depleted enteral
nutrition solutions for 6 days before injection of 740 KBq *H-
Met.

Group C: TB rats were fed enteral nutrition solutions
composed of balanced amino acids for 6 days beforeinjection
of 740 KBq *H-Val.

Group D: TB ratswere fed valine-depleted enterd nutrition
solutions for 6 days before injection of 740 KBq *H-Val.

TB ratsreceived continuousjejunal tube infusion with pump
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for nutritional support at a daily dose of 330 ml- kg, non-
protein calorie was approximately 1160K J- kg?t. 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?)

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 75 75
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 15 15 15
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 75 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%)

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%Y) 35133 3507.9 3507.9
Total N (g-L%) 49 46 46
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
macromol ecular 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 ®*H-Met and *H-Val metabolites, the tumor tissues
were homogenated in 1 ml of ice-cold 0.4 M HCIQO,. The
homogenate was centrifuged at 3 000 rpm for 5 min. The
precipitate was resuspended in 1 ml of 0.4 M HCIO,. This
wash was repeated twice. The precipitate was resuspended in
5ml of CHCls: CH;OH (2:1,V/V). After centrifugation at 3 000

rpm for 10 min, the CHCl3: CH3;OH phase was separated. This
extraction was repeated twice. The combined CHCl;: CH;OH
fraction contains radiolabeled lipids. The precipitate was
dissolved in 1 ml of 0.3 M KOH. After incubation of the
solution at 37 °C for 1 hour to hydrolyze RNA, 0.32 ml of 3N
HCIO, was added. The mixture waskept onicefor 5 min. The
precipitate was then separated and washed with 1 ml 0.5 M
HCIO, 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 0.5M
HCIO, and heated at 90 °C for 15 min to hydrolyze DNA. The
solution was kept onicefor 5 min, and precipitate was separated
and washed with 0.4 M HCIO, twice. The combined
supernatant and the final precipitate were assessed as the acid-
|abile 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=
I njection 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 *H into
nucleic acids and proteinsin TB rats after treatment.

Table 3 Incorporation (DUR,%) of ®H into nucleic acids and
proteins in TB rats after treatment

Group 0.5h 1h 2h 4h
RNA A 0.20840.002  0.300+0.002  0.349+0.007  0.4050.007¢
B 0.149+0.012  0.249+0.009  0.260+0.010  0.389+0.010
C  0.20040.007  0.250+0.036° 0.283+0.029* 0.326+0.014°
D 0.180+0.013  0.210+0.024  0.300+0.034  0.320+0.030°
DNA A 0.210+0.013  0.300+0.020  0.339+0.039  0.400+0.002¢
B 0.179+0.010° 0.204+0.039° 0.240+0.028°  0.300+0.015°
C  0.200+0.011  0.250+0.040  0.283+0.031°  0.340+0.057¢
D  0.180+0.015 0.220+0.024  0.308+0.007  0.320+0.035
Proteins A 0.659+0.055  2.41040.149  3.450+0.125  4.492+0.108°
B 0.500+0.020° 2.000+0.203" 2.890+0.090™ 3.670+0.110°
C  0.805+0.098 2.510+0.010  3.540+0.101° 4.180+0.018°
D 0.708+0.019  1.887+0.020° 2.916+0.085" 3.813+0.076°

3P<0.05,°P<0.01, vs group A or C. ‘Number 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 animal g8,
Table 3 shows the *H incorporation rate in tumor tissues at
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various times after *H-Met/Val injections. Regardless of
Methionine/Vaine-depleted enteral nutrition, the radioactivity
into nucleic acids and proteinsincreased 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 *H-Met/Val into malignant tissue is thought to be due to
amino acid metabolism of cancer cells such asincreased active
transport and incorporation of amino acid into protein fractions.
In the complete absence of Methionine or Valine, the *H
incorporation rate of the radioactivity into proteinsin tumor
tissues was from 75.8 % to 87.9 % of the control value. That is
to say, in agreement with Xiao' sstudy™, protein synthesiswas
inhibited by methionine/valine depletion, in this case
suppressing tumor growth(*%-24,

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)
leadsto inhibit activity of tumor growth(27:23,

Influence of Methionine/Valine-depleted enteral nutrition on
RNA and DNA in TB rats

M ethionine adenosyltransferase is the enzyme which is
regponsiblefor 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 isthe principal biological methyl
donor. SAM can easily transfer its methyl group to alarge
variety of acceptor substrates including rRNA, tRNA, mRNA,
DNA, proteins, phospholipides, biological amines, and along
list of small molecules®33, So *H-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 cellswere known to have lower levels
of DNA and RNA synthesis on methionine-depleted enteral
nutrition.

Theoretically, it is considered that *H-Val is incorporated
into proteins but not into other high-molecular materials such
as nucleic acids. The incorporation of *H-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 ®H-Va is considered, the radioactivity
in the acid-labile fraction is probably derived from basic
proteins such as chromosomal histones.
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Abstract

AlIM: 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 nmol-L%).

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 a 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!*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 isinfluenced by the action of sex hormones on gastric
smooth muscle remain unresolved™®. Whether gastric
emptying of solids and liquids differs in women during the
menstrual cycle is controversiall®!3. 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
esophagea sphincter and changesin gastric motility®319, 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 stripsin 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 NaCl 120. 6, KCl
5.9, NaH,PO, 1.2, MgCl, 1.2, NaHCO; 15.4, CaCl, 2.5,
CGleoe 115, pH=74)]

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 awax 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 (8x2 mm) were cut and named logitudinal muscle
(LM) of fundus, circular muscle (CM) and LM of body and
antrum and CM of pylorug?67,

Each muscle strip with the mucosa removed was suspended
in atissue chamber containing 5 mL Krebs solution, constantly
warmed by circulating water jacket at 37 °C and supplied with
95 % O, and 5 % CO,. One end of the strip was fixed to ahook
on the bottom of the chamber while the other end was
connected by athread 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 nmol- L) or antagonist was added in the tissue
chamber (all were the final concentration) separately 3 min
before using progesterone (50 nmol - L-%)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=X [amplitudexduration]) of pyloric strip.
Freguencies of contraction were determined by counting the
contraction waves. Values of the results was presented as x+s.
Statistical significances were measured by t test617,

Effect of antagonists added progesterone on spontaneous
contraction of gastric strips

Hexamethonium (10 mmol- L), L-NNA (100 nmol- L) or
propranolol (1 mmol- L*) 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 mmol - L%) partly blocked its effect on the mean
contractile amplitude of body LM and CM, and indomethacin
(20 mmol - L) also decreased the effect on the mean contractile
amplitude of body CM (Table 3).

DISCUSSION
RESULTS It has been shown from humans and animals that pregnancy is
) ] associated with alternations in the motor activity of the
Effect of progesterone on spontaneous contraction of gastric gastrointestinal tract, such as decreased gallbladder
strips contractivity and lower esophageal sphincter pressure, reduced

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).

gastric emptying, small intestine and colonic transit*1521-29,
Although the factors responsible for the impaired gastric
motility are obscure, thereis 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

Progesterone nmol- L*

Resting tension/g

Fundus Body Antrum Pylorus
LM LM CM LM CM CM
5 -0.08+0.122 -0.008+0.08 0 0.01+0.05 0 0
10 -0.08+0.08° -0.05+0.11 -0.03+0.06 0.04£0.09 0 0
50 -0.09+0.06¢ -0.12+2.02 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 mmol- L) (The same in Tab 2). The resting tension of each strip in control (progesterone 0 mmol- L*) was 1. LM: longitudinal
muscle; CM: circular muscle. x+s, n=12, 2P<0.05, ®P<0.01, 9P<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/Zmm Motility index/cm.s?

Progesterone nmol- L*

Body Antrum Pylorus
LM CM LM CM CM
5 B 13.4+17.0 12.0+13.2 13.68.6 14.1+15.0 92.4+16.2
C 0.2+0.4 -0.9+3.0 -0.5+0.8? -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+3.82 -1.5+1.6° -1.8+2.0° -3.1+1.8¢ -22.5+16.6¢
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£5.52 -5.6+3.0¢ -5.4+3.8¢ -5.8+3.8¢ -47.4431.2¢

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, =12, 3P<0.05, "P<0.01, 9P<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#55° 12.9+17.1  -0.1#6.0 12.5+18.4  -8.246.9°  12.1+19.2 1.443.8 15.4+16.5  -5.2+#4.5¢
CM 11.8+129  -5.6#3.0° 12.2+14.0 1.245.2 12.6+13.2  -3.5#2.5¢ 1174126  0.2#0.5 11.4+13.0  -3.6+2.7¢

Phentolamine (1 nmol- L) or indomethacin (10 mmol- L) was added 3 min before the addition of progesterone (50 mmol- L%). xzs,
n=12. Pr: progesterone, |: indomethacin, Ph: phentolamine. ®P<0.001 vs corresponding B by paired t test; “P<0.01 vs Pr alone by
two samples mean t test.



Wang F et al. Progesterone on activity of gastric strips

77

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® 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
viaNO, b or N, 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 areceptor, and on body CM via prostaglandin
and areceptor. 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 cholecystokininf!.

Parkman reported* 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 dow wave duration vsthose 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!43233,

Exogeneous progesterone also inhibited the myoelectric
and mechanical activity of gastrointestinal smooth muscle.
Electrical spike potentialsrecorded from chronically implanted
electrodes in the antrum and jejunum of ovariectomized dogs
by Milenory decreased after 4 d of progesterone addition (2
mg- kg*- d1) and the propagation velocity of the basic electrical
rhythm from the antral region of the progesterone-treated
animals also decreased®. In another example, progesterone
had been shown to reduce the propagation velocity of
gestrointestina slow waves possibly by decreasing the degree
of electrical coupling between smooth muscle cells®!.
Dysrhythmias were also induced in healthy, nonpregnant
women by administration of progesterone in the dose that
reproduces plasmalevel seenin pregnancy. The above results
suggested that the inhibitory effect of progesterone on the
gastric smooth muscle may contribute to the gastric dysmotility
during pregnancy.

REFERENCES

1 Chandra K, Magee L, Koren G. Discordance between physical
symptoms versus perception of severity by women with nausea
and vomiting in pregnancy (NVP). BMC Pregnancy Childbirth
2002; 2: 5-8

2  ChandraK, Einarson A, Koren G. Taking ginger for nausea and
vomiting during pregnancy. Can Fam Physician 2002; 48: 1441-
1442

3 Singer AJ, Brandt LJ. Pathophysiology of the gastrointestinal tract
during pregnancy. Am J Gastrointestinal 1991; 86: 1695-1712

4  Dilorio C, van Lier D, Manteuffel B. Patterns of nausea during
first trimester of pregnancy. Clin Nurs Res 1992; 1: 127-140

5  Hutson WR, Roehrkasse RL, Wald A. Influence of gender and
menopause on gastric emptying and motility. Gastroenterology

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

1989; 96: 11-17

Degen LP, Phillips SF. Variability of gastrointestinal transit in
healthy women and men. Gut 1996; 39: 299-305

Bennink R, Peeters M, Van den Maegdenbergh V, Geypens B,
Rutgeerts P, DeRoo M, Mortelmans L. Comparison of total and
compartmental gastric emptying and antral motility between
healthy men and women. Eur J Nucl Med 1998; 25: 1293-1299
Datz FL, Christian PE, Moore J. Gender-related differences in
gastric emptying. J Nucl Med 1987; 28: 1204-1207

Horowitz M, Maddern GJ, Chatterton BE, Collins PJ, Petrucco
OM, Seamark R, Shearman DJ. The normal menstrual cycle has
no effect on gastric emptying. Br J Obstet Gynaecol 1985; 92: 743-
746

Gill RC, Murphy PD, Hooper HR, Bowes KL, Kingma Y. Effect
of the menstrual cycle on gastric emptying. Digestion 1987; 36:
168-174

Caballero-Plasencia AM, Valenzuela-Barranco M, Martin-Ruiz
JL, Herrerias-Gutierrez JM, Esteban-Carretero JM. Are there
changes in gastric emptying during the menstrual cycle? Scand J
Gastroenterol 1999; 34: 772-776

Bovo P, Paola Brunori M, di Francesco V, Frulloni L, Montesi G,
Cavallini G. The menstrual cycle has no effect on gastrointesti-
nal transit time. Evaluation by means of the lactulose H2 breath
test. Ital J Gastroenterol 1992; 24: 449-451

Koch KL. Gastrointestinal factors in nausea and vomiting of
pregnancy. Am J Obstet Gynecol 2002; 185: S198-203

Parkman HP, Wang MB, Ryan JP. Decreased electromechanical
activity of guinea pig circular muscle during pregnancy. Gastro-
enterology 1993; 105: 1306-1312

Jones MJ, Mitchell RW, Hindocha N, James RH. The lower oe-
sophageal sphincter in the first trimester of pregnancy: compari-
son of supine with lithotomy positions. Br J Anaesth 1988; 61:
475-476

Qu SY, Zheng TZ, Li W. Comparative study of ranitidine and
cimetidine on contractile activity of isolated gastric muscle strips
in rats. Xin Xiaohuabingxue Zazhi 1997; 5: 75-76

Wang F, Luo JQ, Zhen TZ, Qu SY, Li W, He DY. Effect of oxyto-
cin on the contractile activity of gastric strips of rats in vitro.
Zhongguo Yaolixueyudulixue Zazhi 1999; 13: 285-287

Qu SY, Zhen TZ, Li W. Effect of cholecystokinin and secretin on
contractile activity of isolated gastric muscle strips in guinea pigs.
Shenlixuebao 1995; 47: 305-309

Xie DP, Li W, Qu SY, Zhen TZ, Yang YL, Ding YH, Wei YL,
Chen LB. Effect of areca on contraction of colonic muscle strips
in rats . World J Gastroenterol 2002; 8: 350-352

Li W, He DY, Zhen TZ, Wang F, Qu SY. Effect of estradiol on the
contractile activity of bladder strips of rats in vitro. Jichuyixue Yu
Lingchuang 2001; 21: 186-187

Ryan JP. Effect of pregnancy on intestinal transit: comparison of
results using radioactive and non-radioactive test meals. Life Sci
1982; 31: 2635-2640

Scott LD, Lester R, Van Thiel DH, Wald A. Pregnancy-related
changes in small intestinal myoelectric activity in the rat. Gastro-
enterology 1983; 84: 301-305

Baron TH, Ramirez B, Richter JE. Gastrointestinal motility dis-
orders during pregnancy. Ann Intern Med 1993; 118: 366-375
Shah S, Hobbs A, Singh R, Cuevas J, Ignarro LJ, Chaudhuri G.
Gastrointestinal motility during pregnancy: role of nitrergic com-
ponent of NANC nerves. Am J Physiol Regul Integr Comp Physiol
2000; 279: R1478-R1485

Bainbridge ET, Nicholas SD, Newton JR, Temple JG. Gastro-oe-
sophageal reflux in pregnancy. Altered function of the barrier to
reflux in asymptomatic women during early pregnancy. Scand J
Gastroenterol 1984; 19: 85-89

Ryan JP, Bhojwani A. Colonic transit in rats: effect of ovariectomy,
sex steroid hormones, and pregnancy. Am J Physiol 1986; 251
(1Pt1): G46-50

Brock-Utne JG, Dow TG, Dimopoulos GE, Welman S, Downing
JW, Moshal MG. Gastric and lower oesophageal sphincter (LOS)
pressures in early pregnancy. Br J Anaesth 1981; 53: 381-384
Everson GT, McKinley C, Lawson M, Johnson M, Kern F Jr. Gall-
bladder function in the human female: effect of the ovulatory
cycle,pregnancy, and contraceptive steroids. Gastroenterology
1982; 82: 711-719



778 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

April 15, 2003 Volume 9 Number 4

29

30

31

32

Braverman DZ, Johnson ML, Kern F Jr. Effects of pregnancy and
contraceptive steroids on gallbladder function. N Engl J Med 1980;
302: 362-364

Ryan JP, Bhojwani A, Wang MB. Effect of pregnancy on gas-
tric motilily in vivo and in vitro in the guinea pig. Gastroenter-
ology 1987; 93: 29-34

Everson GT. Gastrointestinal motility in pregnancy. Gastroenterol
Clin North Am 1992; 21: 751-776

Chen JD, Mittal RK. Nausea and vomiting in pregnancy and cu-
taneous electrogastrogram. Gastroenterology 1993; 104: 1569-1571

33

34

35

Abell TL. Nausea and vomiting of pregnancy and the
electrogastrogram: old disease, newtechnology. Am J Gastroenterol
1992; 87: 689-691

Milenory K. Effect of estradiol, progesterone and oxytocin on
smooth muscle activity. In: Physiology of Smooth Muscle, edited
by Bulbring E, Shuba MF. New York: Raven 1976: 395-402
Bortoff A. Progesterone reduces slow wave propagation veloc-
ity and decrease electrical coupling between intestinal muscle
cells. In: Weinbeek M. Motility of Digestive Tract. New York: Raven
1982: 445-450

Edited by Wu XN



P.O.Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2003;9(4):779-783
World Journal of Gastroenterology
Copyright ©2003 by The WJG Press ISSN 1007-9327

* BASIC RESEARCH e

Relative efficacy of some prokinetic drugs in morphine-induced
gastrointestinal transit delay in mice

AD Suchitra, SA Dkhar, DG Shewade, CH Shashindran

AD Suchitra, SA Dkhar, DG Shewade, CH Shashindran, Department
of Pharmacology, JPMER, Pondicherry 605006, INDIA
Correspondence to: DG Shewade, Department of Pharmacol ogy,
JPMER, Pondicherry 605006, INDIA. shewade@eth.net
Telephone: +91-413-2278693 Fax: +91-413-2272067
Received: 2002-10-05 Accepted: 2002-11-04

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 paint¥.
Morphine isthe most commonly prescribed opioid agonist for
the treatment of chronic pain’> 2. However, when opioids are
given to aleviate pain they cause undesirable gastrointestinal
(Gl) side effects namely nausea, vomiting and reduced
gastrointestinal transit!®. Reduced Gl transit can cause
gastroesophageal reflux disease, bloating and idiopathic
constipationt®,

The pathophysiology of Gl delay due to opioids has been
well described. Possible etiologiesinclude increased stationary
segmentation, reduced peristalsis and depression of secretory
activity!®. Dueto the paucity of the data to guide practitioners

in the management of Gl 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!™, is limited by their cost and
tendency to cause withdrawal symptomsin the doses used™**4,
Peripherally acting methyl naltrexone and ADL-2698
(Alvimopan) arein the stage of investigational*!.

Mosapride, cisapride, metoclopramide, erythromycin and
domperidone are commonly used prokinetic agents. At present,
the data supporting their relative efficacy in opioid induced
Gl 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 JPMER animal
house, Pondicherry. One week prior to the experimentation,
six mice were housed in separate cages and had free accessto
food and water. The experiments were conducted between
09:00 AM and 1:00 PM. Theanimaswerefed 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 ethylsuccinate (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. Carboxymethy!
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. Thefiltrate was heated to 70 'C
and methylcellulose (0.75 g) was added to it with continuous
stirring. The mixture was then cooled to 37 C.

Gastric emptying (GE) and small intestinal transit (SIT)

The standard method of phenol red marker meal as performed
by earlier workers was employed!*>*3, 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 disdocation 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
3000 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 isderived 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 O 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 equa volumes of vehicle through
corresponding routes. The groupsincluded 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.0.), erythromycin
6 mg/kg (p.o.) and mosapride 20 mg/kg (p.o.). The doses
were selected based on the earlier reportg*4*”, recommended
clinical doses*®®! and prior pilot experiments. Cisapride,
metocl opramide, domperidone, erythromycin and mosapride
in the dose mentioned above were given aone 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.
Vaueswere expressed asmean + 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
animal s, 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 morphineinduced delay significantly (P <0.05) (Table
2, Figure 2).
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3 Metoclopramide (20)
1251 — =3 Domperidone (20)
L =3 Erythromycin (6)
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Figure 1 Percentage increase in gastric emptying by various
prokinetic agents in mice. (*Prokinetic agents were adminis-
tered 45 minutes orally prior to the test meal).
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Figure 2 Effect of prokinetic agents on morphine induced de-
lay of gastric emptying in mice. (®3Prokinetic 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+1.767 61.46+3.01
Metoclopramide (20) p.o. 83.1445.592 76.63+£2.132
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+0.542 57.53+1.19

Each value represents meantsem, n=10 in control group and
n=5 in prokinetic drug treated group. "‘prokinetic agents were
given 45 minutes prior to test meal. @P<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£2.832 19.73+1.25°
Morphine (1) s.c. +

Cisapride (10) p.o. 32.34+2.52 46.28+2.00¢
Metoclopramide (20) p.o 42.77+2.04¢ 34.01+1.754
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+1.98¢ 38.01+1.61¢

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. 3P<0.05 and °P<0.001 vs control group. °P<0.05 and
4P<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).

50 ] [ Cisapride (10)
[ Metoclopramide (20)
401 1 Domperidone (20)
3 Erythromycin (6)
1 Mosapride (20)

30

20

L

Treatment?® (mg/kg)

% Increase in SIT

Figure 3 Effect of various prokinetic agents on small intestinal
transit in mice. (*Prokinetic agents were administered orally
45 minutes prior to test meal).
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Figure 4 Effect of Prokinetic agents on morphine induced de-
lay of small intestinal transit in mice. (*Prokinetic 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?!, Both exogenous and endogenous opioids
inhibit propulsive movements of the intestine by interfering
with the enteric regulation of propulsive matility??. They
interact with mand d opioid receptors and cause decrease in
cyclic AMP. Opioidsincrease the cal cium 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
peristalsig?,

In mice magonists administered subcutaneously produced
dose-related inhibitions of gastrointestinal transit!?4. 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 morphineisin
agreement with earlier reportg41617,

Prokinetic agents used to reverse morphine induced delay
in Gl transit showed variation in their efficacy. Cisapride
(10 mg/kg, p.o.) though, did not show significant increasein
SIT compared with control, it was most effective in reversing
morphine induced delay in SIT (Figure 4). Thisfinding is
consistent with a clinical study where the effect of cisapride

was significantly greater than that of metoclopramidel*d.
Cisapride in the dose of 10 mg/kg (p.0.) 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 8" hourly had
modest benefit in reversing small intestinal transit following
intravenous meperidine in patients undergoing major
abdominal surgery!®!. 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 morphing®. Above observationsindicate that in morphine
treated mice, cisaprideis more effectivein 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(?7.

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). Metoclopramideisa5-HT, agonist,
5-HT; antagonist and antagonises the inhibitory effect of
dopamine in the gastrointestinal tract. Despite above actions,
it wasonly marginally effectivein reversing morphineinduced
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 (Figure2). Inaclinical
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’?®. There
isaso evidence that the effectiveness of metoclopramide may
depend on the route of administration237,

Domperidone isa peripherally acting dopamine antagonist.
Domperidone (20 mg/kg, p.o.) alone did not show any
significant prokinetic effect as against control animals (Table
2). Inour study, it was seen that in reversing morphine induced
delay, thoughit could not significantly increase SIT, its efficacy
was similar to that of metoclopramide (Figure 4). Since there
isarisk of extrapyramidal effects with metoclopramide,
domperidone may be useful in opioid induced delay in
gastrointestinal transit 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 (Tablel and Table 2).

Erythromycin, a motilinomimetic in the dose of 6 mg/kg
(p.0.) 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?.
Erythromycin even at 40 mg/kg did not show any prokinetic
effect in rats though motilin immunoreactivity has been
demonstrated in the rat intesting’®. The motilin receptor status
of mouse upper Gl tract is not documented. De Winter et al
suggested by their experiments that rat might not be the ideal
speciesto test erythromycini?). The fact that erythromycinwas
not effective in our study indicates that mice too may not be
the ideal speciesfor these type of studies.

Mosapride, aderivative 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.0.) used, however it wasless effective than 10 mg
cisapride in reversing morphineinduced 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
metocl opramide 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 variouslevelsviz. the central and the peripheral
nervous system. It is known that morphine suppresses the
cholinergic outflow!®, while metoclopramide enhance
cholinergic outflow® via 5-HT, and D, receptor interaction.
Itisalso known that cisapride is non-selective 5-HT, receptor
agonist with affinity for D,, 5-HT,,a; adrenergic and muscarinic
receptors®. Further, mosapride a5-HT, agonist showsefficacy
less than cisapride in reversing morphine effectson 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®!. Role of
heterogenicity in 5-HT,receptors in the differential effect of
5-HT, agonists cannot be ruled out®,

M echanism underlying the stimulation of gastric and small
intestinal motility by prokinetic agents is 5-HT, receptor
activation that involve cholinergic nerves. However the
mechanism underlying the different profile of the effect of 5-
HT, 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-HT, pathways may not play a major role. Effect of
cisapride and metoclopramide on other receptors contributes
predominantly in reversing the effect of morphineon SIT and
gastric emptying respectively.

Results of thisstudy and earlier reportsindicate 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 alesser 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 norma mice. All the prokinetic agents used
in our study differ in their prokinetic effects in counteracting
the effect of morphine induced Gl inertia. Cisapride is most
effective in reversing morphine induced SIT delay followed
by metoclopramide and mosapride. In morphine-induced GE
delay metoclopramideis most effective followed by mosapride.
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Abstract

AlIM: To explore different roles of transforming growth factor
beta (TGF-b) and bone morphogenetic proteins (BMPSs) 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-b1 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-
b1l and BMPs. However, BMPs was more potent at trans-
differentiation of hepatic stellate cells than TGF-b1. In
addition, we observed that TGF-b1 transient reduced the
abundance of SMA in hepatic stellate cells.

CONCLUSION: TGF-b 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-b) and bone
morphogenetic proteins (BMPs) are the members of TGF-b
superfamily™ 2, Their biological effects are mediated through
the receptors that have serine-threonine kinase activity!* 4.
However, they bind to their respective receptors. Moreover,
themoleculesinvolved in their signa transduction are different.
It is generally considered that signal transduction pathway of
BMPsis mediated by Smads 1, 5, and 8, while the signaling
molecules of TGF-b are Smads 2 and Smads 3" %1, The
role of TGF-b in hepatic fibrogenesis has been investigated

because of the effect of TGF-b on extracellular matrix (ECM)
production and degradation® 2”3, 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
fibrosig® ., It is documented that hepatic stellate cells are the
main cell type that synthesize and secret ECM intheliver. In
addition, hepatic stellate cells migrate, proliferate and contract
in responseto liver injury, which contribute to the development
of scar formation and porta hypertension. The effects of TGF-
b1 on hepatic stellate cell proliferation and activation have
been documented with some studies showed the inhibitory
effect of TGF-b1!26 2528 while others exhibited no effect on
hepatic stellate cell proliferationi?® 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-b1 and BMPs
on rat hepatic stellate cell proliferation and expression of
smooth muscleaphaactin (SMA) - amarker 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 (Lava Quebec).
Rabbit antibody against mouse |gG conjugated to horseradish
peroxidase, and Enhanced Chemiluminescence Detection Kit
were from Amersham Pharmacia Biotech, Inc. (Baied' Urfe,
Quebec). Dulbecco’ sMoadified Eagle Medium (DMEM), feta
bovine serum (FBS) and Nycodenz were obtained from
GIBCO/BRL (Burlington, Ontario). TGF-b1, 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 cycleswith
food and water ad libitum. In conducting the research described
in thisreport, all animalsreceived humane care in compliance
with the Ingtitution’ sguidelines (Animal Protocol No. 98-053),
which isin accordance with the Canadian Council on Animal
Care' scriteria. Hepatic stellate cells were isolated from rat
liver by two steps of collagenase and pronase methods as
previously described*®. The liver was perfused viathe portal
vein first with Ca?* free Hanks' balanced salt solution (HBSS),
pH7.4, for 10 minutes at 37 ‘C and then with Ca®* HBSS
containing 0.125 mg/ml collagenase D, 0.5 mg/ml pronase and
15 pg/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 pg/ml DNase 1 for another 12 minutes
with constant low speed stirring at 37 ‘C. Cell suspension was
filtered through a 100 um mesh. After removing hepatocytes
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by centrifugation at 500 rpm on a bench-top centrifuge, Hepatic
stellate cellswere 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 'C. 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
(Cogtar) at adensity of 25 000 cells/cm?. Hepatic stellate cells
wereidentified by thetypical 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 |U/ml penicillin
and 100 mg/ml streptomycin) and 2 mM L-glutamine at 37 C
in a humidified atmosphere of 5 % CO,. 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 disheswith trypsin-
EDTA.

Cell proliferation assay

Cell proliferation was measured by cell proliferation reagents
WST-1*2, Sub-cultured hepatic stellate cells (2x10°) in 200
pl culture medium were seeded into 96 well plates. After
incubation for 24 hours, the medium was changed with 100 pl
of fresh culture medium containing different concentrations
of recombinant TGF-b1, 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 m 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 THERM Omax
microplate reader (ELISA) (molecular Devices Co., Menlo
Park, CA) with 420nm as detection wavel ength and 650nm as
reference wavelength for WST-1 assay.

Western blot analyses of SMA

Sub-cultured hepatic stellate cellswere lysed in 100 m protein
extract solution (1 mM Tris-HCI pH7.5, 1 mM EDTA pH 8.0,
10 mM NaCl, 1 % sodium dodecyl sulfate (SDS), 1 mM PMSF
and 0.25 M sucrose)!*l. 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 °C for 5 minutes.
Protein concentration was determined by Lowry method®.
20 g of protein from each sample was mixed with gel loading
buffer (2x: 125 mM Tris-HCI, pH6.8, 4 % SDS, 20 % glyceral,
0.1 % bromophenol blueand 2.5 % b-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 membranesin 1xTris-buffered-saline (TBS) containing
5 % skim milk for 1 hour at room temperature. Membranes
were then incubated overnight at 4 ‘C with primary antibody
against SMA at dilution of 1:1 000 in 1xXTBS containing 2 %
skim milk. After washing, they were incubated for 1 hour at
room temperature with sheep anti-mouse 1gG at 1:1 000
dilutions. Bands were visualized by employing the enhanced
chemiluminescence kit per the manufacturer’ sinstruction.

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). Differenceswere considered to be significant when
P was less than 0.05.

RESULTS

Effect of TGF-b1, BMP2 and BMP4 on rat hepatic stellate cell
proliferation

Effect of TGF-b1, BMP2 and BMP4 on rat hepatic stellate
cell proliferation was shown in Figure 1. TGF-b1 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-b1, 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).
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Figure 1 Regulating effect of TGF-b1, BMP-2 and BMP-4 on
the proliferation of rat hepatic stellate cells. Hepatic stellate
cells were incubated with TGF-bl (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 2P<0.05 vs the concentrations of
0.1, 0.5 and 1 ng/ml, b means "P<0.01vs the concentrations of
0.1,0.5and 1 ng/ml.

Effect of TGF-b1, BMP-2 and BMP-4 on SMA expression

TGF-b1, BMP-2 and BM P-4 increased the expression of SMA,
which iswell recognized by the antibody as a42-kDa protein.
BMP-2 and BMP-4 seemed to have more potent effect on the
expression of SMA than TGF-b1. After incubation with TGF-
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b1 (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-b1 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).
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Figure 2 Regulating effect of TGF-b1 on rat hepatic stellate cell
trans-differentiation. Hepatic stellate cells were incubated with
different concentrations of TGF-b1 for three days. The media
and TGF-bl 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).
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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).
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Figure 4 Regulating effect of TGF-bl on SMA protein
expression. Hepatic stellate cells were cultured for three days
and the media were removed. Media with 1 ng/ml TGF-b1 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 typeinvolved in hepatic fibrogenesig* 9. It is known that
the proliferation of these cellsis one response during hepatic
fibrogenetic process. The other feature of these cellsistheir
trans-differentiation, whichisindicated by increased expression
of SMAI, 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-b1 and BMPs to examine
their effects on hepatic stellate cell proliferation and trans-
differentiation. Our study indicated that both TGF-b1 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 cellsthan TGF-b1 did.
The difference can be due to the different signaling proteins
involved in TGF-b1 and BMPs signal transduction. It is
known that Smads are the intracellular molecules for both
TGF-b and BMP signal transduction pathwaysf” 2% 331,
However, Smad-2 and Smad-3 are believed to mediate TGF-
b signal transduction while Smad-1, Smad-5 and Smad-8
mediate BMP signaling!*3 161821 |t has been demonstrated
that Smad-3 is not necessary to the trans-differentiation of
hepatic stellate cellsbut isrequired for TGF-b1 mediated cell
proliferationi®, Although TGF-b1 had someeffect onthetrans-
differentiation of hepatic stellate cellsin this study, it might
not be related to Smad-2 and Smad-3. It has been documented
that TGF-b1 can phosphorylate Smad-1 in human breast cancer
cells?, However, it still remained be tested what is the
mechanism mediating the transient reduction of SMA by TGF-
bl in hepatic stellate cells. The direct TGF-b1 regulation of
SMA gene expression could not be excluded.

The inhibitory effect of TGF-b1 on hepatic stellate cell
proliferation was consistent with effect of TGF-b1 on most
mammalian cells. It inhibited the proliferation of hepatic stellate
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cells. Studiesrelating the effect of TGF-b1 on hepatic stellate
cell proliferation from other groups have revealed some
conflicting results. Most of the studies indicated that TGF-b1
inhibited the proliferation of hepatic stellate cellg? 6 25 2628
while few studies had found no significant effect on these cell
proliferation** 2%, The difference of TGF-b1 regulation of
hepatic stellate cells may be related to stage of cell
differentiation or the period of TGF-b1 treatment. One of the
interesting findingsin 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 BMPsis bone morphogenesis,
whichisasequentia cascade with three key phases. chemotaxis
and mitosis of mesenchymal cells, differentiation of the
mesenchymal cellsinitially into cartilage, and replacement of
the cartilage by bone. Its function is more related to
differentiation then proliferation®> 39, Therefore, no effect of
BMPs on hepatic stellate cell proliferation iswell consistent
with their functions.

CONCLUSION

Our study documented that both TGF-b and BMPs play
important roles in hepatic stellate cell proliferation and trans-
differentiation. TGF-b 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-b and/or BMPson
hepatic stellate cell proliferation and trans-differentiation may
represent one aspect of the complex interaction among varieties
of factorsin human body.
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Abstract

AlIM: 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 ny/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
rhlL-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.
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INTRODUCTION

IL-11 isakind of pleiotropic cytokine that stimulates stem
cell proliferation and affects multiple types of cellg¥. RhIL-

11 may be useful in accelerating the recovery of both
hematopoietic cells and gastrointestinal mucosal cells after
cytoablative therapies?. RhiL-11 isin Phase Il clinical trias
for the treatment of thrombocytopenia that occurs secondary
to chemotherapy®™. Gross and microscopic evidence suggested
that rhiL-11 treatment could improve acute colitis caused by
both chemically-induced damage and chronic inflammatory
bowel diseasd“l. Bruce et al'™ recently reported that short-term
treatment with rhiL-11 waswell tolerated in patientswith active
Crohn’ sdisease. Our previous study demonstrated that rhiL-
11 facilitates gastric ulcer healing in ratg®.

Angiogenesisis critical to ulcer healing since it regul ates
nutrient and oxygen delivery totheinjured Ste and, thus, controls
the hedling rate. Tie-2 (tek) isamember of the endothelial cell-
specific receptor tyrosine kinase family™®, and is essential
for the formation of the embryonic vasculature®. Our recent
study suggests that Tie-2 plays an important role in the
angiogenesis associated with the healing of gastric ulcers.
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 C, 12 hr light
cycle) a the Laboratory Animal Center of Nagasaki University.
The animalswere 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 a40 %
acetic acid solution as reported previously™. 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 abumin (BSA) and administered
subcutaneously (100 ny/kg/twice daily) for seven consecutive
days beginning two days before ulcer induction as described
previoudy (n=16)*2. Control animals (n=16) received the same
volumeof 0.1 % BSA twicedaily. Eight rhiL-11-treated and eight
untreated rats were sacrificed 3 and 5 days after the induction of
gastric ulcers. Gadtric tissues were collected for Western blot
analysis, and reverse transcription polymerase chain reaction
(RT-PCR). Tissueswerefixed in 4 % paraformal dehyde solution
for immunohistochemical examination of Tie-2 expression.
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Immunohistochemistry analysis

Paraf ormaldehyde-fixed and paraffin-embedded tissues were
cut into 4 mm sections, deparaffinized in xylene and rehydrated
in phosphate-buffered saline. The tissues were subsequently
preincubated in 3 % H,0O, for 30 minutes, followed by
incubation in bovine serum to prevent nonspecific binding,
and then incubated overnight at 4 °C (2 mg/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 000xg at 0 C for 10 minutes. The
protein concentrations in the resultant supernates were
quantified using a protein assay reagent (Bio-Rad Laboratories,
Hercules, CA). Datafrom four rats were recorded at each time
point and the assays were performed in duplicate. The proteins
(30 ng) 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 temperaturein a 1:500 dilution
of mouse anti-rat Tie-2 antibodies. After extensive washing
with TTBS, the membraneswere 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 ng) wasincubated at 37 C
for 1 hour in 50 n 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 °C 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 b-actin PCR primers were as followings: 5’ -
TCCTCCCTGGAGAAGAGCTA-3" (sense) and 5’ -
AGTACTTGCGCTCAGGAGGA-3' (antisense). The Tie-2
and b-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 ‘C for 3 minutes, annealing at 50 C for 1
minute, and primer extension at 72 °‘C for 1 minute. An aliquot
of each amplification mixture was subjected to el ectrophoresis
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 vesselsin the gastric
wall. Tie-2 expression in the endothelial cells of new capillaries
was enhanced in therhlL-11-treated rats (FigurelA) compared
with the control rats (FigurelB) 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).
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Figure 2 Western blots demonstrating Tie-2 expression. RhlL-
11 treatment increased Tie-2 expression significantly 3 and 5
days after the induction of gastric ulcers compared with un-
treated control rats.
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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 b-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 ulcersin 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 animalsafter3 and 5 days of theinduction of gastric
ulceration. b-actin mRNA, aconstitutively 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*> %4, Ulcer healing consists of two processes,
epithelial regeneration and mesenchymal reconstruction. The
process of mesenchymal recongtruction consists of angiogenes's,
fibrosisand smooth muscleregeneration. 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 cellg*>%¥ and it has been reported to
play an important role in embryonic angiogenesis'*’.
Furthermore, our own recent study revealed that Tie-2 was
important in the angiogenesis that occurs during the healing
of gastric ulcerg?,

Our previous study was the first to demonstrate that IL-11
could promote gastric ulcer healing in rat model®®. This effect
of IL-11 on therepair of mucosal injury most likely reflectsits
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 epithelia cells viathe
regeneration of epithelial cell facilitated by IL-11 receptor.
Concomitant smooth muscle hyperplasia may induce tissue
contraction, thus promoting healing. Theimportance of smooth
muscle contraction at the base of the ulcer has been previously
demonstrated*®. Interestingly, IL-11 inhibits the production of
nitric oxide, an agent that can relaxs smooth muscle cellg9.

Our immunohistochemical and Western blot data showing
that rhiL-11 enhanced Tie-2 expression suggest that 11-11
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 ratsand suggest
that rhiL-11 may have clinical benefitsin 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.
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INTRODUCTION

The microvasculature of intestinal villi play an important role
in the process of digestion, absorption and mucosal barrier
protection*2, | ntestinal diseases, such asdiarrheaand enteritis,
are reported to be related to the change of microvascul ature’®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>7.
However, these studies were only limited in collecting
pathological or clinical data, and tissue materialswere obtained
from adult subjects’®19. In addition, little information is
available regarding the changes of microvascul ature 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)
newbornrats (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 aratio of
9:1. Polymerization was allowed by adding benzoyl-
methacrylate at 80 ‘C. The viscosity of this solution was
maintained to alevel corresponding to that of 30 % glycerine.
The solution was cooled for later use. The microvascular
architecture was then performed in the following procedure.
Anima swere 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 thetotal 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. Thetissue
was rinsed with tap water until the corroded tissue was washed
out, and then trimmed under the dissection microscope and dried
at 40 °C for 48 hours. The dried tissue was then coated using an
IB-3 ionic splashing and shooting device. Photomicrographs
were taken under aHitachi S-570 scanning el ectron microscope.

TEM

Small pieces of the jejunum were immersed in phosphate-
buffered 3 % glutaraldehyde for 2 hours, and then postfixed in
phosphate-buffered 1 % OsO, 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
aHitachi 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/kgi.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 incubationin 5
ml of formamide at 54 °C for 24 hours. Evans blue was then
quantified by measuring its absorption at wavel ength of 620
nm using spectrometer. Results were expressed as ng Evans
blue/gram fresh tissue.

Data processing

According to the methods of stereology!*¥, the measurement
and calculation of the thickness of basal membrane (nm), the
number of endothelia hole (per mm capillary perimeter) and
plasmalemmal vesicles (per mm?endothelium) were conducted
on the photographs of TEM. Results were expressed as mean
+ SEM, and statistics was performed using Student” st test.

RESULTS

Microvascular architecture of adult rats villi

Thevillous plexi stood on the surface of theileum. 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 aform of “ net-basket” (Figure 1).
The villous arteriole coming from the arterial plexusin the
submucosareached the base of thevilli through the cryptal plexus
gap, extending to the tip along the axis of the villi. The villous
arteriolesdid not bifurcate within the villi, but formed the villous
capillary network at thetipsof thevilli in the pattern of a“ netted
bag”. This villous capillary wrapped the villous arteriole. The
villous venuleswere 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 aong the villous margin
and did not mergeinto 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 smple 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 capillarieswereirregularly 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 aswell 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 vesicleswere noticed in the endothelium (Figure
8). The endothelium in the aged rats, however, became thinner
whereasitsbasal 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
no/g tissue in ablactation rats and 64.4 /g tissue in adult
rats. The microvascular permeability of the aged ratswastwice
as high asthat 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 (mm) 6.17+1.51 10.47+2.25% 16.73+3.28¢
Diameter of venule (mm) 20.43+£3.17 25.45+3.07° 25.50+3.34
Ratio: arteriole/venule 0.30+0.04 0.41+0.04° 0.65+0.06°
3P<0.01, PP<0.05 vs ablactation rats; °P<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/nm) 3.01+0.38 3.51+0.35° 5.1940.48¢
Plasmalemmal vesicles (number/0.1 nm?) 17.7+4.25 39.1+10.362 75.3£12.13° 38.0+11.14¢
Basal membrane (nm) 25.2+5.26 43.545.86° 60.5+6.89¢
Vascular permeability (ng/g) 28.1+4.64 64.4+9.34¢ 116.4+15.63¢

2P<0.01 vs newborn rats; °P<0.05, °P<0.01 vs ablactation rats; 9P<0.01 vs adult rats.
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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) x150.

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 ( 1) x130.

Figure 3 The microvascular architecture of newborn rat jejunal villi, x400.
Figure 4 The microvascular architecture of ablactation rat jejunal villi, showing the villous arteriole (a), The villous capillary

network(N),the marginal capillary(m) x300.

Figure 5 The microvascular architecture of aged rat jejunal villi x100.

Figure 6 The microvascular architecture of aged rat jejunal villi, showing the villous arteriole(a), the villous venule(v) x250.
Figure 7 The capillary endothelium of ablactation rats, showing the endothelial hole ( t ) and the basal membrane (A) x8 000.
Figure 8 The capillary endothelium of adult rats, showing the basal membrane ( t ) and the endothelial hole (A) x8 000.
Figure 9 The capillary endothelium of aged rats, showing the basal membrane ( t ) and the endothelial hole (A) x8 000.

DISCUSSION

Injection of certain materialsinto blood vessels enables three
dimensional visualization of vascular architecture and has
provided abundant information which is not available by
reconstruction of serial sections*>%4. A line of evidence
demonstrated in rats, horses and human embryos, that the
“fountaintype”’ microvascular architecture of mammalian small

intestine is common(*>*1, Among these studies, Ohashi et al(*®!
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 thetip.
The villous venules are shorter than villous arterioles, and do
not form arterio-venous anastamoses. Thereis big difference
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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 alow blood pressure and
speedy circulatory system in the villous capillary network,
which isimportant to the process of nutritional absorption and
transportation!*d,

We found that branching did not take place when the villous
arterioles climbed towardsthetip of thevillousand 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, thiscollateral 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 werefull of arterial blood*. Therefore, the
villi at the tip received much more arterial blood supply than
in the base. From the base to thetip of the villi, the absorption
rate of epithelium increased proportionately with the volume
of itsblood supply. However, there were still aging cellsat 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 conditiong??. Injuries due to
hypoxia usually emerged later in both intestinal crypts and
basal part of villi than in the apical area of villi?. This may
indicate that the crypts, as compared with villi, are relatively
more resistant to hypoxic injuries. Such resistance isimportant
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
submucosal***"?, Studies on marginal capillary have been
devel oped since Mohiuddin*® described the marginal capillary.
It was reported recently that marginal capillary was more
manifest in jejunum than in ileumi?*24, but its relationship with
its adjacent villous plexus was not found in both jejunum and
ileum. It isthus considered that the marginal capillary transports
blood to the villous margin. Therefore, the findings from the
this study regarding the marginal capillary and itsrelation with
itsadjacent villi suggest that the collateral circulation may exist
before the venous return from the villi. That is, the margina
capillary delivers blood partially into the adjacent villous
capillary networks. Thisarchitecture of the villous plexus may
have been adapted to the movement of intestines aswell asto
the digestive and absorptive activities. After eating, the small
intestine speedsup itsmotility. Villi not only havetight 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
thevilli, and their digestive and absorptive functionsare 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®29, During villous formation,
the developing vascular nets played an important role and the
apical capillary loop in avillous was anchored to epithelial
basal membrane or to the adjoining matrixes?”. After 3 weeks,
the villous microvascular architecture tended to grow in full
scale. During ablactation period, the villous capillary network
wasformed, and the diametral ratio of villousarterioleto villous
venule was one-third, which consolidated the norma digestion
and absorption. The villous plexusin 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
venulewas relatively high. Theincreasesin 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 intestinesin the aged animals.

The primary penetrating vesselsin the submucosa formed
an extensive submucosal plexusthat supplied the tunica serosa,
tunica muscularis, and tunica mucosa?®. Fewer branches of
this plexus supply the muscle layers, and most of branchesrun
towards the mucosa and to supply blood to the villous and the
cryptal plexus®. 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 vessdls, but the large size substances must be transported
through endothelial hole or plasmalemmal vesicle®. 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 afew of endothelial holes and plasmalemmal vesiclesduring
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 animal s become ol der.
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 acompensatory response, which may
prevent any injurants from entering the blood vesselsin 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 connectionsin thevilli help avoid ashortage 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 thereisamargina
capillary and venousreturn collateral circulation is a matter of
future study.
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Abstract

AlM: To study the detail mechanism of interaction between
PKC and GRK; and the effect of GRK;on activity of PKC.

METHODS: The cDNA of pleckstrin homology (PH) domain
located in GRK; residue 548 to 660 was amplified by PCR
with the mRNA of human GRK; (b1-adrenergic receptor
kinase) as template isolated from human fresh placenta,
the expression vector pGEX-PH inserted with the aboved
cDNA sequence for GRK, PH domain protein and the
expression vectors for GST (glutathion-s-transferase) -GRK;
PH domain fusion protein, BTK (Bruton’s tyrosine kinase)
PH domain and GST protein were constructed. The
expression of GRK; 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 GRK;
PH domain, GST-GRK, 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 GRK, to PKC was also detected by western
blot and Co-immunoprecipitation.

RESULTS: The binding of GRK, 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, GRK, PH domain
was associated with PKC and down-regulated PKC activity,
but Btk PH domain up-regulated PKC activity as compared
with GRK, PH domain.

CONCLUSION: GRK; can bind with PKC and down-regulated
PKC activity.

Yang XL, Zhang YL, Lai ZS, Xing FY, Liu YH. Pleckstrin homology
domain of G protein-coupled receptor kinase-2 binds to PKC
and affects the activity of PKC kinase. World J Gastroenterol
2003; 9(4): 800-803
http://www.wjgnet.com/1007-9327/9/800.htm

INTRODUCTION

G protein-coupled receptor kinase-2 (GRK), also known as
b1-adrenergic receptor kinase (b-ARK1), plays an important
role in agonist-induced desensitization of the b-adrenergic

receptors. Activation of protein kinase C (PKC) is able to
stimulate phosphorylation and activation of GRKsand induce
desensitization of G protein-coupled receptor. However, the
detail mechanism of interaction between PKC and GRK; and
the effect of GRK, 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 moleculesthat involved in cellular signal transduction.
A PH domain located in GRK; residue 548 to 660 may play a
significant role in mediating interaction between PKC and
GRK_,. In the present study, we showed that PKC could
associate with PH domain of GRK in pull-down assay in vitro.
Co-immunoprecipitation displayed binding of PKC to GRK,
inintact Jurkat cellsafter prolonged stimulation of epinephrine.
Assay of PKCb1 kinase activity indicated that the binding of
the PH domain of GRK, to PKCb1 could down-regulate the
activity of PKCb1 kinase. Thus, GRK, may play a negative
feedback regulatory role on PKCb1 activity in interaction
between GRK, and PKCb1.

G protein-coupled receptor kinase-2 is a member of the
GRK family existing of at least 6 GRK9Y. GRKs areimplicated
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. In addition, PKC could
directly phosphorylate GPR and initiate desensitization of the
receptors¥. Thus, PKC likely participatesin 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®. PH domain
of GRK playsapivotal rolein mediating the phosphorylation
and desensitization of the receptors. However, asto 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, Gbg, RACK 1, PKC, Ga subunit-12 and F-actin
have been identified asligands of PH domains. It was reported
by Yao et al(1994)!9 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 PK C share ahigh homology in 1%-4" b strandg” which
formats arelatively reserved face binding to PKC. But other
PH domainsthat can interact with PKC remain to beidentified.
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PKCisafamily of serine/threonine protein kinase, which plays
significant rolesin numerous cellular responses (including cell
proliferation, differentiation, growth control, tumor progression,
apoptosis etc.)®, Besides the event of PKC phosphorylating
GRK; discussed above, PKC can phosphorylate GRKs and
modulate the activity of GRK¥; PKC can also lead to olfactory
signal termination and desensitization*” via other GRK;
Agonigt stimulation resultsin oxytocin receptor interaction with
GRK and PKC!9, Moreover, PKC presents a manner of
phosphorylating directly to muscarinic receptor and leading
to the desensitization receptor!Y.

Like most interaction between signaling molecules, PKC
is likely associated with GRK, before phosphorylating and
activating GRK . To elucidate detail mechanism of interaction
between GRK; and PK C, we reported the study on interaction
between PKC and GRK.. It is expected that present study will
provide new insights into understanding of the modulation
mechanism of PKC in GRK, mediating signaling pathway. It
isalso expected that the present investigation can illustrate the
importance of the GRK, PH domain in interaction with PKC.

MATERIALS AND METHODS

Materials

Anti-GRK,, anti-PKCb1 and secondary antibodies
conjugated with horseradish peroxidase were purchased from
Santa Cruz Biotechnology. PK C assay kit (Sigma TECT™
PK C assay system) and reversetranscription kit werefrom
Promega. Glutathione-agar ose beads was from Sigma.
Expression vector pGEX-4T-1 and ECL detection kit (for
western blotting) were from Amersham Pharmacia Biotech.
PVDF membrane wasfrom Millipore. Rabbit 1gG wasfrom
Sino-American company (China). Protein A-agar ose was
from Pierce Inc.

Methods

Construction of expression vector pGEX-PH The mRNA
of human GRK, (b1-adrenergic receptor kinase) was isolated
from fresh human placenta?, and reverse transcription was
performed according to the kit protocol. cDNA of PH domain
(residue 548 to 660)1* 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
fragmentswere digested with Bam HI and EcoRl, 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-
GRK; PH domain, Btk PH domian and GST were expressed
in Escherichia coli strain DH5a. Here was Btk PH domian
positive control®®. The expression was induced with 0.2 mM
of IPTG at 26 °C for 1 hour in LB medium containing 1 %
glucose. Briefly, the bacteriawere resuspended inice-cold STE
buffer (10 MM Tris-HCI, 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 minx2, at 4 'C). Cell lysate was centrifuged at
10 000xg for 20 min at 4 “C. 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 °‘C for 2 hours with occasional gentle
mixing. The beads were washed with PBS and centrifuged at
800xg, 4 'C for 3 minx5 times. The pellet was subjected to
SDS-PAGEin 12 % gels. In order to utilize 1 equivalent amount
of GST and fusion proteinsfor the following assay, the protein
concentration was modulated according to band sizesin SDS-
GAGE gdl.

Deter mination of GRK 2 expression in mammalian cell lines
MDCK, SGC7901, DU145, PC-3, U937 and Jurkat cellswere
maintained in Dulbecco’ s modified eagle’ s medium or 1640
medium with 10 % (v/v) new born bovine serum and a5 %
CO, humidified atmosphere at 37 °C. In brief, the 107 cells
were harvested by centrifuging or scraping off, respectively,
washed by PBS at 4 ‘C and then incubated with 1 ml of lysis
buffer (20 MM Tris-HCI, pH 7.5, 10 mM KCl, 1 mM EDTA,
0.5 mM phenylmethylsulfonyl fluoride, 10 ng/ml leupeptin and
1 ng/ml aprotinin) onicefor 20 min with casualy and vigoroudy
vortexing. The mixtures were centrifuged at 12 000xg for 10
min at 4 ‘C. The supernatants were saved as GRK ,-contained
or PKB-contained preparations for western blot.

Cdll cultureand lysis Jurkat T lymphocytes were maintained
asabovewith RPMI 1640 medium. The 2x107 cellsweredivided
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 500xg for 5 min.
Protein-protein interaction assay Approximately 20 ng of
the GST and GST fusion proteinsimmobilized 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 aone 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 C for 1 h with
gentle vibration, and then incubated with 1 ng of anti-PKCb1
antibody at 4 °C 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 hwith gentlevibration. The membrane wasfinaly washed
6 times with PBST to remove unbound secondary antibody
and visualized by using ECL (Amersham Pharmacia Biotech).
Co-immunopr ecipitation assays 107 Jurkat cells were lysed
in 1 ml of lysisbuffer (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 phenylmethylsulfony! fluoride,
2 mg/ml leupeptin and 2 mg/ml aprotinin). Briefly, 10 ng of
anti-PKCb1, or anti-GRK, antibodies and rabbit 1gG were
added to 200 mi of the lysate, respectively, then the samples
were incubated overnight at 4 “C. 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 500xg, 4 ‘C 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-PKCb1 or
anti-GRK antibodies, respectively. The membranes were
probed and visualized as described above.

PK C kinaseassay Thefusion proteinsand 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 glutathionein 50 mM Tris- HCI (pH 8.0).
The eluted proteins were concentrated using a Centricon
(Millipore). Protein concentrations were determined with
Bradford reagent (Bio-Rad). Equivaent amounts of the protein
were added to the 100 m lysate of Jurkat cells. According to
manufacturer’ s instruction (Sigma TECT™ PKC assay
system), the activity of PKC in the lysate was determined by
subtracting the radioactivity of the reaction with control buffer
and 100 mM PKC peptide inhibitor from that of the reaction
without activated buffer nor the PK C inhibitor. The experiment
was performed in triplicate samplesfor each groups. The data
were presented as percentage of PKC activity and the control
was used as 100 %.

RESULTS

Binding of GRK, PH domain to PKC in vitro

To search for potential binding between the expressed proteins
(GST-GRK; PH domain, GST-Btk PH domain and GST) and
PKCh1, the proteinsimmobilized on glutathi one-agarose beads
were added to lysate of Jurkat cells, and then the productswere
subjected to SDS-PAGE and Western blot. The potential
PKCb1 was probed with anti- PKCb1 antibody. As shown in
Figure 1, the GST fusion proteins encompassing GRK, PH
domain and GST-Btk PH domain associated specificaly with
PKCb1 because the GST did not pull out PKCb1 under the
same experimental conditions. Binding of Btk PH domain to
PKCb1 wasformerly approved. We confirmed the binding of
GRK; PH domain to PKCb1 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, b-ARK1, PLCg/n and Btk, respectively;
lane 6 was the GST; lane 7 was lysate of Jurkat cells.

Determination of expression of GRK; in cultured mammalian cells
Inorder to detect the associaion of GRK, with PKCinvivo, GRK;
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 GRK, were expressed in PC-3,
MDCK,7901 and Jurkat cel lines. The GRK ,-antibody could react
with GRK; in MDCK and 7901 cell lines,and the antibody could
specificaly recognize GRK; in Jurkat cells. Thus, the following
Co-immunopreci pitation assays was performed in Jurkat cells.

Figure 2 The expressing of GRK, by Western blot with the
antibody to GRK2. Lane 1, 2, 3, 4 were the results of Western
blotin PC-3, MDCK, 7901 and Jurkat cell line respectively. Lane
5,6 was GST.

Binding of GRK, to PKC upon prolonged stimulation of epinephrine
Phosphorylation and activation of GRK by PKC enhance
desenditization of G protein-coupled receptor. In the pull-down
assay, our result indicated that the PH domain of GRK, was
associated specifically with PKC in vitro. To determine the

association of PKC with GRK; in vivo after stimulation of the
agonist of b-ARK, 100 nm epinephrine was added to the cells
in 1640 medium for 30 min. Co-immunoprecipitation was
performed with specific anti-GRK, and anti-PKC antibodies
in co-precipitation and detection of PKC and GRK. After
stimulation of 100 mm 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 GRK in the intact cells
without stimulation of epinephrine. Thus, the resultsindicated
that the association of PKC with GRK, wasinvolved in GRK,
activation and desensitization of G protein-coupled receptor.

1 2 3 4

Figure 3 After stimulation of epinephrine, Co-immunopre-
cipitation was performed with anti-GRK, and anti-PKC in co-
precipitation and detection of PKC and GRK,. Lane 1 was PKC
detected in precipitate of GRK antibody, lane 2 was GRK; de-
tected in precipitate of PKC antibody.Lane 3 indicated the PKC
did not bind to GRK; in the intact cells without stimulation of
epinephrine ,lane 4 was the lysate of Jurkat cell.

Effects of GRK, and Btk PH domains on PKC activity
Effectsof proteinson PK C activity were determined as described
under the experimental Procedures. After purification as
described above, the expressed proteinswere el uted and dialysed
in PBS. Equivalent amounts (20 ng) of GST-GRK, PH domain,
GST-Btk PH domain and GST were added to thelysate of Jurkat
cell lysate (100 m) 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, GRK, 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.
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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, b-ARK1, PLC g/n and Btk, respectively; lane 6
wasthe GST; lane 7 was lysate of Jurkat cells.

DISCUSSION

The GRK family iscomposed of six members, namly GRK 1-
6. Of these, GRK, phosphorylates G protein-coupled receptors
(GPCRs) and plays an important role in mediating homologous
desensitization of GPCRs. Chuang’ swork showned the activity
of GRK, wasincreased® in aprotein kinase C (PK C)-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 GRK ,, the study of
Krasel and co-worker showed that PKC phosphorylated GRK,
at serine 2919, but the detail mechanism of PKCb1 recognizing
and binding to GRK, remains unknown. In present study, we
reported that GRK , could bind to PKC viaits carboxyl-terminal
PH domainin vitro, which wasafundamental event in mediating
interaction between PK C and GRK ,. The present result suggested
the GRK ph domain had an anal ogous fashion to PH domain of
Btk and Itk, which could interact with protein kinase C¥ in our
previous study. The PH domain of GRK is probably involved
in directly binding of GRK, to PKC and facilitates
phosphorylation and activation of GRK, by PKC.

Stimulation of agonist (epinephrine) on adrenergic receptor
results in association of PKCb1 with GRK; in Jurkat cells.
GRK; could through its PH domain can directly bind to PKC
and then be phosphorylated by PKC. But inintact cells (without
stimulation of epinephrine), PKC and GRK; 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 resultsin calcium mobilization and
production of second messenger diacylglycerol (DAG). The
DAG and Ca™ are activators of PKC, and cause activation of
PKCl8., In the present study, activated PKC islikely to bind to
and phosphorylate GRK, directly, which phosphorylates G-
protein coupled receptor and resultsin 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, b-spectrin, dynamin and
amino-terminal of AFAP-110 known directly binding to PKC
share ahigh homology at first three b-sheetd”. These b-sheets
form conserved structure elements and may specifically bind
to PKC. Table 1 showed the residue comparison of PH domains
from GRK, and GRK ; with these PH domains. The PH domain
of GRK, and GRK; matches that consensus well. This may
form a structured base of PH domains binding to PKC.

Table 1 First three b sheets of PH domains of GRK, and GRK;
are compared with other PH domain known or predicted to
bind to PKC

PH domain (source) bl b2 b3

Btk ESIFLKT--SQQKKKTSPLS--NFKKRLFLLT-VH-KLSYYEYDF
b-spectrin MEGFLNRKH-EWEAHNKKASSR-SWHNVYCVIN-NQ--EMGFYKDAK
Dynamin RKGWLTI---NNIGIMKGGS----KEYWFVLT--AE--NLSWYKDDE
AFAP, Nt PH domain  ICAFLLRKK-RFGQ---------- WTKLLCVIK-EN--KLLCYKSSK
Consensus 1* +* B ki +L 1p

GRK; MHGYMSKM--GNPFLTQ-----WQRRYFYLF---PN--RLEWRGEGEA
GRK; 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 GRK, and
GRK; from Zheng et all*®l,

The previous study revealed PKC inhibited the activity of
Btk kinase via binding to Btk PH domain®, but the binding
effect on PKC activity remains unclear. In the present study,
the effects on PK C activity of Btk and GRK, PH domainswere
determined with GST. Compared with GST or control, Btk
PH domain could increase PK C kinase activity, but GRK, 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. Biologica function of Btk PH domain
inhibiting PKC activity will belaid 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, GRK, PH domain appeared to play a negative feedback
regulatory role on PKC activity. GRK, 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
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INTRODUCTION

Several G.l. diseases can change the collagen fiber structure
in the G.I. tract!*4. The collagen fiber content and its
distribution outsidethe 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
collagen fiber transformations are swelling and
homogenization and then become thickened, sclerosed and
arranged in a close order®™. Collagen synthesisis 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 fiberg'®*3, Obstructive diseases could
also change the collagen structure and content!+4, |n normal
tissue the submucosal layer consist ailmost 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!*”?!, The directional
distribution of collagen fibers has a very important role in
studying the function and self-repair of soft tissue?y.

The application of digital image-processing technology in
medicine field has offered an accurate, smple, 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
kindsasfollows: 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 90° orientation of template etc?.

The purpose of this paper isto 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 aso 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) ratswere 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 didocation, 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
a pH 7.4 with 6 % Dextran and 2 mL EGTA.
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Procedures

The specimen was further cut into six 3-cm-long segments.
One of the six segments served as control and wasfixed in 4 %
formalin in no-load condition. The 5 segments left had one
end ligated while the other end was connected viaatubeto a
fluid container for application of different pressures, which
were 2, 5, 10, 15 and 20 cm H,O 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, arecord of the whole intestine segment
and the part with dotswas 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 mm serial diceswere cut and stained
with picrosiriusred for collagen analysis and HE (hemotoxylin
and eosin) for general histological observationi?2,

Video camera Pressure (cm H,0)

Intestinal segment
Figure 1 Slice record.

Image acquire
A series of polarized images of intestine slice was acquired by
the recorder through microscope at every d 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 detail s of the dliceimages
distinctly, and the pixel values in the polarized images are
suitable for the principles presented previoudy very well?"-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 lensis O 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
angleis 90 or O degreeto the optical axis. Such an image area
isalso the part wherethe pixel valuesare minimum. Therefore,
through image analysis we can find out al the areawhere the
collagen fibers are parallel to muscle direction and thereby
figure out the arearatio between the study area and the entire
analysis Area (abcd). In the dice image analysis, the collagen
fiber manifested as some pink striation (f) and the muscle fiber
(e) some buff [ (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
d degree, all the areas where the collagen fiber are d degree or
90 + d degree with the musclefiber will present in the blackest

part’?y, in thisway, their ratio to the entire analyzing area can
be figured out as well.

Accordingly, we can aobtain the relationship between the
angle and its arearatio 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 degreeto
the musclefiber direction. The arearatio for which istherefore
the biggest, we can utilize the arearatio to reckon the collagen
fiber angle.

(d) Polarized image (d=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
algorithmsto 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 agreat deal of muscle tissue and other unrelated
background (Figure 2), which should be removed by theimage
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 afrequency domain strengthening method because both
of the edge and noise in the image correspond to the high
frequency section of theimage’ s Fourier transformation, we
could weaken this part of the frequency to lessen itsinfluence
in the frequency domain®>-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 dataless 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)*%*1. And made:

b(J): S (J) .

mxn '’
b(j) was equal to the arearatio of collagen fiber and the chosen
observed areain 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 cal culation results
wereshownin Table 1, wherethefirst 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 dlice, with
polarized light angle’ svariation, its corresponding arearatio is
not identicd ; for each tissue under different pressures, itsbiggest
arearatio 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®, the abscissaof the curvewasd' sinteger multiple
and the ordinate the seriesvaluein array Y (i) (Figure 3).

The relationship between pressurestissue received and their
corresponding fiber angle was shown in Figure 4.

The relationship between pressurestissue received and their
corresponding biggest ratio was shown in Figure 5.

Wetegsted other intestinal dice’ simages (of the sameanimal)
and found that their properties above were similar by and large.

0.85 1
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0.75 7 c-5cm
o 0.70 d-10cm
= ] e-15cm
o 0.65 f-20cm

0.60 ]
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045 T T 1

0 10 20 30 40 50
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Figure 3 Relationship between angles of polarized light and
their corresponding pixel ratio in series of slice images.
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Figure 4 Relationship between pressures tissue received and
their corresponding fiber angle.
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Figure 5 Relationship between pressures tissue received and
their corresponding biggest ratio.

DISCUSSION

From the datain Table 1, we found that in the same tissue
samplethere exist obvious dterationsin the collagen arearatio

Table 1 Area ratio of slice image at different angles within various distension pressures (d=5°, *is the biggest area ratio of this

slice image)
d 0° 5° 10° 15° 20° 25° 30° 35° 40° 45°
H,O
0Ocm .7288 .7465 .7016 .6694 .6238 .5978 .7666* .5290 .4852 .4669
2cm .7649 7713 7732 .7890 7576 .7399 .7245 .7956* .6730 .6654
5cm .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
20cm .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 wasfairly 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 intestinesreceived (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 ratiosof different pixel valuesto estimate
collagen fiber angle has its feasibility and reliability, which
alowsalarger area of soft tissue being analyzed with relatively
low cost and simple equipment. The disadvantage of this method
isthe 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 sametime,
the lessd isto be selected, the more accurate the angle will be.

This paper has tried to acquire the collagen fiber angle of
soft tissue in intestine dice 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.1. disesse.
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Abstract

AlIM: 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 isamajor route of
dietary protein absorption. The H*-coupled dipeptide
trangporter, PepT1, isknown 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
b-lactam antibiotics, angiotensin-converting enzymeinhibitors,
and other peptide-like drugg™.

To investigate the properties of the human dipeptide
transporter, the human intestinal cell line Caco-2 asan in vitro
model was employed. The dipeptide transporters normally
found in thesmall intestine are present in Caco-2 cellg4. Also,
Caco-2 cells spontaneoudly differentiatein cultureto polar cells
possessing microvilli and enterocytic properties®. Confluent
monolayers form tight junctions between cellg¥, and exhibit
dome formation® and electrical properties of an epithelium™,
These cells have been evaluated in detail as a model to study
both transcellular and paracellular transport of nutrients and
drugsin the gut®12,

Previous studies have shown that some hormones
metabolically regulate the expression of theintestinal dipeptide
transporter(**14, For example, as the key hormone, insulin
increases the membrane popul ation of PepT1 by increasing its
trand ocation from apreformed cytoplasmic pool™. 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
PepT1in Caco-2 cellswhich were normally cultured or anoxia/
reoxygenation injuried. Because dipeptide and some b-lactam
antibiotics (cephalexin, cefaclor etc.) share certain structural
features such as a peptide bond with an a-amino group and a
terminal carboxylic acid group (asillustrated in Figure 1 for
cephalexin), it is not surprising that these compounds share a
common transport mechanism. Unlike dipeptides, these orally
absorbed antibioticsare not hydrolyzed by intestinal peptidases.
Consequently, these kinds of drugs are ideal substrates to
characterize the PepT1*>'7, 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 chemicalswere purchased
from Sigma (St. Louis, MO), unless specified. Cell culture
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reagents were obtained from Gibco (Grand Island, NY) and
culture supplies from Corning (Corning, NY) and Falcon

(Lincoln Park, NJ).
\\7//* |CHCONH W H,0

P N
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Figure 1 Structure of cephalexin used in this study.

Cell culture

The human adenocarcinomacell line Caco-2 was obtained from
American Tissue Culture Collection (ATCC, Rockville. MD,
U.S.A). The cells were passaged as previously described!*8.
Caco-2 cells were grown in Dulbecco’ s Modified Egle’ s
Medium supplemented with 1 % nonessential amino acids,
10 % feta calf serum (FCS), 1 000 UL penicillin, and 1 mg- L*
streptomycin (Complete DMEM). For transport Studies, Caco-
2 cellswere seeded on the polycarbonate filter (0.4-mm pores,
4.71-cm? growth area) in the Transwell Cell Culture Chamber
System (Costar, Cambridge, MA) at a density of 600 000
cellg/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 assesstheintegrity 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 areaand
expressed as Q cm?. 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. Monolayerswere kept
at 37 °C, 5% CO,, 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 cellswere cultured for 4 days. The controls were incubated
with PH 7.0 culture medium both in apical side and basolateral
side. All the monolayerswere washed during each experiment.
The apical chamber were then filled with 1.5 ml solution
containing 1 mM cephalexin. Transport was examined within
thetimerange of 0, 5, 10, 30, 60, 90, and 120 min. At the end
of theincubation period, theinserts of Transwell were removed
and the transport samples were obtained from the basol ateral
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 previoudy*® 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 HPL C 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 % CO,. Anoxiawas
produced with an atmosphere of 95 % N, and 5 % CO, for 90
min, reoxygenation was produced by restoration of the 95 %
air, 5% CO, for 30 min. After the period of reoxygenation,
the volume of mediawas restored to the initial volume of 1.0
mi® (Figure 2).

Figure 2 Appearance of scan electronic microscopy of Caco-
2 cells. (A) Tight junction formation of normal Caco-2 cells.
x1 000; (B) Tight junction of A/R Caco-2 cells was destroyed
partially. x1 000.

Protein determination

Celswerelysed for 20 min or icein 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 ng- ml* were used.

Northern blotting

Total RNAs were isolated from the Caco-2 cell fractions by
extraction with acid guanidine thiocyanate-phenol -chloroform.
Total RNAswere denatured by heating at 70 °C in 10 mmol- L
3-(N-morpholino) propanesulfonic acid (pH 7.0) containing 5
mmol- L sodium acetate, 1 mmol- L ethylenedi-
aminetetraacetic acid (EDTA), 2.2 mol- L formaldehyde, and
50 % (vol/vol) formamide for 5 minutes and subjected to
electrophoresisin 1.2 % agarose gel containing 2.2 mol - L™
formaldehyde. Resolved RNA wastransferred 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 CCGAAGCTTTCAGGAAGGAGCCTGAGAATATGAGS .

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-basol ateral, 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).
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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. Thiswas 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.
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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).
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Figure 5 Uptake of 1 mM cephalexin in Caco-2 cells with an-
oxiaZreoxygenation 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 *2P-labelled hPepT1 and b-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 experimentswere performed acrossthe rhGH-treated
Caco-2 cells using the different concentrations of cephalexin
range of 20 to 80 - ml. Theresults (Figure 6) indicated that
thetransport of cephalexin wasincreased both in rhGH-treated
Caco-2 cellsand Controls. However, the extent of upregulation
of rhGH on the trangport was grester than the controlsfollowed
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 ng- ml* were used. Trans-
port was determined at the different time-point (a, 15 min; b,
30 min; ¢, 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) iswell knowni?!, The
intraluminal products of protein digestion are predominantly
small peptides?. 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 (Gl) tract of mammals occursviathe dipeptide
transporter (PepT1). Previous studies have shown that the
functions of intestine (including PepT1) were changed under
the influence of many factors!®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 b-lactam
antibiotics. PepT1 waslocated at the brush-border membranes
of the absorptive epithelial cells along the small intestine but
absent in crypt and goblet cellg25%,

To examine the functions of PepT1, we used Caco-2 cells
(the human adenocarcinoma cell line) as a unique in vitro
intestinal model?. One clear advantage of the Caco-2 céllsis

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 b-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'®!, 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*4, and choleratoxin
decreasesdipeptide transport by inhibiting the activity of PepT1
through an increase in the intracellular concentration of
adenosine 3', 5;-cyclic monophosphate?!. 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?®!. Complete GH
depletion dueto hypophysectomy caused pronounced hypoplasa
of small intestinal mucosa with decreased villus height and
reduced crypt cell proliferation®!. Simple replacement of GH
can restore mucosal proliferative activity™. 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®. It
istypically used to stimulate growth in children with hormone
deficiency, or to treat people with severeillness, burnsor sepsis
where destruction of human tissue and muscle occurg®%,
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. |GF-1 plays an important part in
growth-promoting effects of rhGH®. The present studies
showed that the uptake and transport of cephalexin in Caco-2
cellswere 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 thisexperimenta design leadsto the following three
questions. What is the detail mechanism of upregulating the
functions of PepT1 by rhGH? How does the rhGH receptor
distributein 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.

REFERENCES

1 Hsu CP, Walter E, Merkle HP, Rothen-Rutishauser B, Wunderli-
Allenspach H, Hilfinger JM, Amidon GL. Function and
immunolocalization of over expressed human intestinal H*/pep-
tide cotransporter in adenovirus-transduced Caco-2 cells. AAPS
PharmSci 1999; 1: E12



812 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

April 15, 2003 Volume 9 Number 4

10

11

12

13

14

15

16

17

18

Vincent ML, Russell RM, Sasak V. Folic acid uptake characteris-
tics of a human colon carcinoma cell line, Caco-2. A newly-de-
scribed cellular model for small intestinal epithelium. Hum Nutr
Clin Nutr 1985; 39: 355-360

Mohrmann I, Mohrmann M, Biber J, Murer H. Sodium-depen-
dent transport of Pi by an established intestinal epithelial cell
line(Caco-2). Am J Physiol 1986; 250(3 Pt 1): G323-330

Blais A, Bissonnette P, Berteloot A. Common characteristics for
Na+-dependent sugar transport in Caco-2 cells and human fetal
colon. J Member Biol 1987; 99: 113-125

Rousset M, Laburthe M, Pinto M, Chevalier G, Rouyer-Fessard
C, Dussaulx E, Trugnan G, Boige N, Brun JL, Zweibaum A.
Enterocytic differentiation and glucose utilization in the human
colon tumar cell line Caco-2: modulation by forskolin. J Cell
Physiol 1985; 123: 377-385

Romond MJ, Martinot-Peignoux M, Erlinger S. Dome formation
in the human colon carcinoma cell line Caco-2 in culture. Influ-
ence of ouabain and permeable supports. Biol Cell 1985; 54: 89-92
Grasset E, Pinto M, Dussaulx E, Zweibaum A, Desjeux JF. Epi-
thelial properties of human colonic carcinoma cell line Caco-2:
electrical parameters. Am J Physiol 1984; 247(3 Pt 1): C260-267
Milovic V, Turchanowa L, Stein J, Caspary WF. Transepithelial
transport of putrescine across monolayers of the human intestinal
epithelial cell line, Caco-2. World J Gastroenterol 2001; 7: 193-197
Hidalgo 1J, Raub TJ, Borchardt RT. Characterization of the hu-
man colon carcinoma cell line (Caco-2) as a model system for in-
testinal epithelial permeability. Gastroenterology 1989; 96: 736-749
Artursson P. Epithelial transport of drugs in cell culture. I: A
moded for studying the passive diffusion of drugs over intesti-
nal absorptive (Caco-2) cells. J Pharm Sci 1990; 79: 476-482
Artursson P, Karlsson J. Correlation between oral drug absorp-
tion in humans and apparent drug permeability coefficients in
human intestinal epithelial (Caco-2) cells. Biochem Biophys Res
Commun 1991; 175: 880-885

Artursson P. Cell cultures as models for drugs absorption across the
intestinal mucosa. Crit Rev Ther Drug Carrier Syst 1991; 8: 305-330
Thamotharan M, Bawani SZ, Zhou X, Adibi SA. Hormonal regu-
lation of oligopeptide transporter PepT1 in a human intestinal
cell line. Am J Physiol 1999; 276(4 Pt 1): C821-826

Nielsen CU, Amstrup J, Steffansen B, Frokjaer S, Brodin B. Epi-
dermal growth factor inhibits glycylsarcosine transport and
hPepT1 expression in a human intestinal cell line. Am J Physiol
Gastrointest Liver Physiol 2001; 281: G191-199

Ganapathy V, Mendicino JF, Leibach FH. Transport of glycyl-L-
proline into intestinal and renal brush border vesicles from rabbit.
J Biol Chem 1981; 256: 118-124

Rajendran VM, Ansari SA, Harig JM, Adams MB, Khan AH,
Ramaswamy K. Transport of glycyl-L-proline by human intesti-
nal brush border membrane vesicles. Gastroenterology 1985; 89:
1298-1304

Berteloot A. Membrane potential dependence of glutamic acid
transport in rabbit jejunal brush-border membrane vesicles: K+
and H+ effects. Biochim Biophysi Acta 1986; 861: 447-456
Dantzig AH, Bergin L. Uptake of the cephalosporin, cephalexin,
by a dipeptide transport carrier in the human intestinal cell line,
Caco-2. Biochim Biophys Acta 1990; 1027: 211-217

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Dantzig AH, Bergin L. Carrier-mediated uptake of cephalexin
in human intestinal cells. Biochim Biophys Res Commun 1988; 155:
1082-1087

Ratych RE, Chuknyiska RS, Bulkley GB. The primary localiza-
tion of free radical generation after anoxia/reoxygenation in iso-
lated endothelial cells. Surgery 1987; 102: 122-131

Ferraris RP, Diamond J, Kwan WW. Dietary regulation of
intestional transport of the dipeptide carnosine. Am J Physiol 1988;
255( 2 Pt 1): G143-150

Ganapath V, Brandsch M, Leibanch FH. Intestinal transport of
amino acids and peptides. In: Johnson LR, ed. Physiology of the
gastrointestinal tract. Volum 2. 3rd ed. New York: Raven 1994:
1773-1794

Li YS, LiJS, Li N, Jiang ZW, Zhao YZ, Li NY, Liu FN. Evaluation
of various solutions for small bowel graft preservation. World J
Gastroenterol 1998; 4: 140-143

Liang LJ, Yin XY, Luo SM, Zheng JF, Lu MD, Huang JF. A study
of the ameliorating effects of carnitine on hepatic steatosis in-
duced by total parenteral nutrition in rats. World J Gastroenterol
1999; 5: 312-315

Ogihara H, Saito H, Shin BC, Terada T, Takenoshita S, Nagamachi
Y, Inui K, Takata K. Immuno-localization of H*/peptide
cotransporter in rat digestive tract. Biochem Biophys Res Commun
1996; 220: 848-852

Adibi SA. The oligopeptide transporter (PepT1) in human intestine:
Biology and Function. Gastroenterology 1997; 113: 332-340
Dantzig AH, Bergin L. Uptake of the cephalosporin, cephalexin,
by a dipeptide transport carrier in the human intestinal cell line,
Caco-2. Biochim Biophys Acta 1990; 1027: 211-217

Zhou X, Li YX, Li N, Li JS. Effect of bowel rehabilitative therapy
on structural adaptation of remnant small intestine: animal
experiment. World J Gastroenterol 2001; 7: 66-73

Bastie MJ, Balas D, Laval J, Senegas-Balas F, Bertrand C, Frexinos
J, Ribet A. Histological variations of jejunal and ileal mucosa on
days 8 and 15 after hypophysectomy in rat: morphometrical
analysis on light and electron microscopy. Acta Anat (Basel) 1982;
112: 321-337

Scow RO, Hagan SN. Effect of testosterone Propionate and
growth hormone on growth and chemical composition of muscle
and other tissues in hypophy sectomized male rats. Endocrinol-
ogy 1965; 77: 852-858

Gu Y, Wu ZH. The anabolic effects of recombinant human growth
hormone and glutamine on parenterally fed, short bowel rats.
World J Gastroenterol 2002; 8: 752-757

Jeschke MG, Herndon DN, Wolf SE, Debroy MA, Rai J,
Lichtenbelt BJ, Barrow RE. Recombinant human growth hormone
alters acute phase reactant proteins, cytokine expression, and liver
morphology in burned rats. J Surg Res 1999; 83: 122-129

Roth E, Valentini L, Semsroth M, Holzenbein T, Winkler S, Blum
WF, Ranke MB, Schemper M, Hammerle A, Karner J. Resistance
of nitrogen metabolism to growth hormone treatment in the early
phase after injury of patient with multiple injuries. J Trauma 1995;
38:136-141

Postel-Vinay MC, Finidori J, Sotiropoulos A, Dinerstein H, Mar-
tini JF, Kelly PA. Growth hormone receptor: structure and signal
transduction. Ann Endocrinol 1995; 56: 209-212

Edited by Xu JY



P.O.Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2003;9(4):813-817
World Journal of Gastroenterology
Copyright ©2003 by The WJG Press ISSN 1007-9327

* BASIC RESEARCH e

Experimental study on the feasibility and safety of radiofrequency
ablation for secondary splenomagely and hypersplenism

Quan-Da Liu, Kuan-Sheng Ma, Zhen-Ping He, Jun Ding, Xue-Quan Huang, Jia-Hong Dong

Quan-Da Liu, Kuan-Sheng Ma, Zhen-Ping He, Jun Ding, Jia-
Hong Dong, Institute of Hepatobiliary Surgery, Southwest
Hepatobiliary Surgery Hospital, Southwest Hospital, Third Military
Medical University, Chongging, 400038, China

Xue-Quan Huang, Department of Radiology, Southwest Hospital,
Third Military Medical University, Chongging, 400038, China
Supported by the “ Tenth-Five” Fundamental Medical Scientific
Research Projects of PLA, China, No. 022005
Correspondence to: Dr. Quan-Da Liu, Institute of Hepatobiliary
Surgery, Southwest Hepatobiliary Surgery Hospital, Southwest
Hospital, Third Military Medical University, Chongging, 400038,
China. liuguanda@sina.com

Telephone; +86-23-65398541

Received: 2002-10-08 Accepted: 2002-11-09

Abstract

AlM: 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 | (n=4) and group Il (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 Il 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 splenomegaly and
hypersplenism. The RFA could be safely performed clinically
via laparotomy or laparoscopic procedure while spleen was
strictly separated from surrounding organs.
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INTRODUCTION

Radiofrequency ablation (RFA) was developed in 1990s and
thereafter evolved rapidly as aminimally invasive technique
for the trestment of primary and secondary malignant tumorsin
solid organg*?, The fundamental principle isthat dternating
electric current operated in the range of radiofrequency (460-500
kHz) can produce afocal thermal injury inliving tissue, thetip of
the electrode conducts the current, causing local ionic agitation
and subsequent frictional heat (90-110 C). Temperatures over
60 ‘C produce uniform tissue coagulativenecrosis, a 2-5 cm
spherical thermd injury can be producedwith each ablation. The
potential benefits of these techniques over convent