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Abstract

AIM: To investigate the expression of E-cadherin, α-catenin,
β-catenin, γ-catenin and cyclin D1 in patients with esophageal
squamous cell carcinoma (ESCC), and analyze their
interrelationship with clinicopathological variables and their
effects on prognosis.

METHODS: Expression of E-cadherin, α-catenin, β-catenin,
γ-catenin and cyclin D1 was determined by EnVision or SABC
immunohistochemical technique in patients with ESCC
consecutively, their correlation with clinical characteristics
was evaluated and analyzed by univariate analysis.

RESULTS: The reduced expression rate of E-cadherin, α-
catenin, β-catenin and γ-catenin was 88.7%, 69.4%, 35.5%
and 53.2%, respectively. Cyclin D1 positive expression rate
was 56.5%. Expression of γ-catenin was inversely correlated
with the degree of tumor differentiation and lymph node
metastasis (χ2 = 4.183 and χ2 = 5.035, respectively, P<0.05),
whereas the expression of E-cadherin was correlated only
with the degree of differentiation (χ2 = 5.769, P<0.05).
Reduced expression of E-cadherin and γ-catenin was
associated with poor differentiation of tumor, reduced
expression of γ-catenin was also associated with lymph
node metastasis. There obviously existed an inverse
correlation between level of E-cadherin and γ-catenin protein
and survival. The 3-year survival rates were 100% and
56% in E-cadherin preserved expression group and in
reduced expression one and were 78% and 48% in γ-catenin
preserved expression group and in reduced expression one,
respectively. The differences were both statistically
significant. Correlation analysis showed the expression level
of α-catenin correlated with that of E-cadherin and β-catenin
(P<0.05).

CONCLUSION: The reduced expression of E-cadherin and
γ-catenin, but not α-catenin, β-catenin and cyclin D1, implies
more aggressive malignant behaviors of esophageal
carcinoma cells and predicts the poor prognosis of patients.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one of the most
common malignant tumors in China[1]. In recent years, the
postoperative survival of patients with esophageal carcinoma
has been improved. However, the overall prognosis for esophageal
cancer patients remains poor, the 5-year survival rate of post
operative advanced esophageal carcinoma patients was 20-35%.
Although surgical techniques and preoperative management
have progressed, early diagnosis and treatment are still
important[2-5]. The prognostic clinical characterization of
esophageal carcinoma remains inadequate using conventional
histological grading and staging systems. Recently, various
attempts have been made to investigate the relationship between
certain molecular markers and the clinical course of squamous
cell carcinoma of esophagus. In fact, the biological factors that
determine a different individual outcome (recurrent, survival)
at an analogous stage of disease are obscure[3-6].
       E-cadherin and catenin are important adhesion molecules
in normal epithelial tissue. Catenins, including α-catenin, β-
catenin, γ-catenin, play an important role in the E-cadherin
mediated intercellular signal transduction and cell adhesion.
Loss of normal cellular adhesion plays a critical role in many
aspects of tumor biology. For instance, alterations in cell-cell
adhesion in cancer cells are reflected at the microscopic level in
degree of cohesiveness and pattern of tumor growth. Detachment
of cancer cells is an initial step in invasion of surrounding
tissues and in spread to distant organs, and altered tumor cell
adhesion is important in these processes. Several studies
examined the role of the E-cadherin/catenin complex in growth
mediation and maintenance of cell-cell adhesion in various
tumors[7-19]. The expression of adhesion molecules may reflect
biological behaviors and characteristics of tumors and are
conducive to predict and evaluate the risk of relapse and
metastasis in patients with postoperative esophageal carcinoma,
thus having practical significance in guiding individualized
treatment[3,18,20-23].
      Cyclin D1 encodes a cell-regulatory protein that is expressed
at high level during the G1 phase of the cell cycle. Cyclin D1
binds to cyclin-dependent kinases and proliferating cell nuclear
antigens. The formation of these complexes has been implicated
in the control of cell proliferation[24]. Cyclin D1 is the target gene
of beta-catenin, overexpression of the latter in the cytoplasm
may promote malignant transformation by triggering cyclin D1
expression in a number of cancers. It was regarded by several
reports that cyclin D1 could predict the prognosis in some cancers,
including esophageal cancer[25-28].
     In this study, the expression of E-cadherin, α-catenin, β-
catenin, γ-catenin and cyclin D1 in 62 ESCC patients was
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analyzed, concerning the histopathological and survival data,
effects on progression of cancer and their prognostic value in
ESCC. The results may provide some suggestions for clinical
treatments.

MATERIALS AND METHODS
Materials
Specimens of cancer tissues were taken from 62 consecutive
patients with squamous cell carcinoma of the thoracic
esophagus who had undergone esophagectomy with regional
lymph node dissected from January to December of 1996 at the
Department of Thoracic Surgery, Cancer Hospital of Shantou
University Medical College. None of them received irradiation
or chemotherapy preoperatively. The patients included 49 men
and 13 women with a mean age of 54 (range 35-79) years. Three
tumors were located in the upper thorax, 36 in the middle thorax
and 23 in the lower thorax (Table 1). The removed specimens
were examined histological with hematoxylin and eosin staining,
and then the clinicopathologic stage was determined according
to TNM classification. Survival time was calculated from the
date of operation to death or the date of last follow-up. Follow-
up time ranged from 6 to 54 mo with an average of 36 mo.

Table 1  Background data of patients

Term                            No. of cases (%)

Total       62

Age (yr)
    <50       22 (35.5)

    50       40 (64.5)
Sex

    Male       49 (79.1)
    Female       13 (20.9)
Location

    Upper thoracic         3 (4.8)
    Middle thoracic       36 (56.5)

    Lower thoracic       23 (37.1)
Histological grade
     I       16 (25.8)

    II       35 (56.5)
    III       11 (17.7)

Depth of invasion
    T1         2 (3.2)

    T2       10 (16.1)
    T3       32 (51.6)
    T4       18 (29)

Lymph node metastasis
    Positive       35 (56.5)

    Negative       27 (43.5)

Immunohistochemical staining
Immunohistochemical analysis was done retrospectively.
Resected esophageal specimens, including both tumor and
normal mucosae, were fixed in a 40 g/L formaldehyde solution
and embedded in paraffin. The following antibodies were used
in this study: mouse monoclonal anti-human cyclin D1 antibody
(M-0024C, Antibody Company USA, diluted 1:50 in PBS), rabbit
polyclonal anti-human E-cadherin antibody (BA0475, Antibody
Company USA, diluted 1:100 in PBS),  rabbit polyclonal anti-
human α-catenin antibody (C-2081, Sigma Bioscience Company,
USA, diluted 1:1 000 in PBS), rabbit polyclonal anti-human β-
catenin antibody (C-2206, Sigma Chemical Company, USA,
diluted 1:2 000 in PBS), goat polyclonal anti-human γ-catenin
antibody (C-20 Santa Cruz Biot Co, USA, diluted 1:200 in PBS).

Four µm thick sections of formalin-fixed paraffin-embedded
tissue blocks of esophageal tumors were cut. The sections were
deparaffinized, dehydrated and blocked to remove endogenous
peroxidase activated by 3 mL/L H2O2 in methanol for 30 min.
The sections were treated with microwave in 0.l mol/L citrate
buffer pH 6.0 at 750 W for 12 min. After incubation with 100 mL/L
normal goat serum to block non-specific binding, they were
then incubated with the primary antibodies overnight at 4 .
After antibody was washed with PBS, the sections were
incubated with the secondary antibody and immunostained by
SABC method (γ-catenin, Boster Company, China) and EnVision
method (E-cadherin, α-catenin, β-catenin and cyclin D1;
EnVision, Cat. No. D-3001, 3002, Antibody Diagnostic Inc)
according to the manufacturer’s instructions, and finally DAB
was visualized. Tissues were counterstained with hematoxylin.
Negative control was designed by using PBS instead of primary
antibody. Adjacent normal squamous epithelium served as an
internal positive control of E-cadherin and catenin protein
expression. Known immunostained-positive sections were used
as positive control of cyclinD1 protein expression.

Positive criterion of immunohistochemical staining
Tumor sections were scored by light microscopy by 2 independent
observers without knowledge of the stage and patient profiles.
The percentage of positively stained cells was calculated after
100 cells were counted at more than 5 high-power (40×) fields.
The following definitions were made: Cyclin D1: more than
10% positive staining in nuclei was defined as positive staining;
E-cadherin and catenin: more than 10% positive staining in cell
membrane was defined as positive staining; less than 50%
positive staining in cell membrane was defined as reduced
expression, more than 50% positive staining in cell membrane
was defined as preserved expression.

Statistical analysis
χ2 test or Fisher’s exact probability test and Spearman rank
correlation coefficient analysis were used to assess the association
between immunohistochemical features and clinicopathological
characteristics. The cumulative survival rate was calculated by
the Kaplan-Meier method, and statistical significance was
analyzed by the log-rank test. A P value less than 0.05 was
considered statistically significant. All the statistical analyses
were performed using the SPSS 10.0 V for Windows.

RESULTS
Expression of E-cadherin, ααααα-catenin, βββββ-catenin, γγγγγ-catenin and
cyclin D1 in esophageal squamous cell carcinoma
The positive expression rate of E-cadherin, α-catenin, β-catenin,
γ-catenin and cyclin D1 in 62 esophageal cancer patients was
62.9% (39/62), 79% (49/62), 95.2% (59/62), 75.8% (47/62) and
56.5% (35/62), respectively. The reduced expression rate of E-
cadherin, α-catenin, β-catenin and γ-catenin was 88.7%, 69.4%,
35.5%, 53.2%, respectively. Cyclin D1 positive expression showed
brown stained signals in the nuclei (Figure 1), only a small number
of expressions in cytoplasm or membrane of cells. E-cadherin,
α-catenin, β-catenin and γ-catenin  positive expression showed
brown stained signals in membrane of cells and the intercellular
junctions (Figure 2A-C).

Relationship between expressions of E-cadherin, ααααα-catenin,
βββββ-catenin , γγγγγ-catenin and cyclin D1 in esophageal squamous
cell carcinoma
Significant positive correlation was found between the intensity
of α-catenin and β-catenin (r = 0.274, P<0.05), E-cadherin and
α-catenin (r = 0.279, P<0.05). No significant differences were
seen in other protein expressions.
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Figure l  Positive expression of cyclinD1 protein in nuclei of
esophageal squamous cell carcinoma. IHC×200.

Relationship between E-cadherin, ααααα-catenin, βββββ-catenin, γγγγγ-
catenin and cyclin D1 expression and clinicopathologic variables
in esophageal squamous cell carcinoma
Expression of E-cadherin correlated significantly only with
histological grade. Poor differentiation was associated with
reduced or loss of E-cadherin expression (P<0.05). Significant
inverse correlation existed between the intensity of γ-catenin
expression and histological grade, and lymph node metastasis
(P<0.05). No significant correlation was found between abnormal
expression of other proteins and histological grade, lymph node
metastasis and depth of invasion (Table 2).

Relationship between E-cadherin, ααααα-catenin, βββββ-catenin, γγγγγ-
catenin, and cyclin D1 expression and survival
Analysis of the 3-year survival after operation showed that the
overall survival rate was 62% in 62 cases of esophageal cancer.
Univariate analysis showed that the survival time was associated

with the histological grade, depth of invasion, lymph node
metastasis, expression of E-adherine and γ-catenin. Reduced
E-cadherin or γ-catenin expression was correlated with poor
prognosis. The mean survival time of grades I, II, III was 41, 45
and 12 mo (P<0.05), respectively. The 3-year survival rate was
67.1% and 49.4% in T3 and T4 patients (P<0.05), respectively,
and was 47.8% and 80.3% in patients with positive and negative
lymph node metastases (P<0.05), respectively. The median
survival time was 54 mo and 37 mo in patients with preserved
and reduced or loss of E-cadherin expression, the 3-year
survival rate was 100% and 56% (P<0.05), respectively. The
median survival time was 42 and 33 mo in patients with preserved
and reduced or lost expression of γ-catenin, the 3-year survival
rate was 78% and 48% (P<0.05), respectively. No difference in
survival curves was seen between reduced expression of α-
and β-catenins compared with preserved expression. Similar
results were found in the positive and negative expressions of
cyclin D1. The median survival time was 39 and 38 mo in the
patients with preserved and reduced or lost expression of α-
catenin, the 3-year survival rate was 65%. The median survival
time was 36 and 39 mo in the patients with preserved and reduced
or loss expression of β-catenin, the 3-year survival rate was
65%. The median survival time was 40 and 34 mo in the patients
with positive and negative expressions of cyclin D1, the 3-year
survival rate was 68% and 58% (P>0.05), respectively.

DISCUSSION
The main causes of treatment failure are recurrence and
metastasis in resectable esophageal cancer. Modern molecular
biology studies have demonstrated that invasion and metastasis
of tumors as a continuous process, include three steps: a
reduced cell-cell adhesion, alterations in the interaction of tumor
cells with extracellular matrix, and invasion into surrounding

Table 2  The relationship between clinicopathology and the expression of cyclin D1 E-cad and catenins

    CyclinD1         E-cad     α-cat                     β-cat               γ-cat
Type                         Cases                                  P                                    P                                    P                                  P                               P

          Positive   Negative          Preserved  Reduced          Preserved  Reduced         Preserved  Reduced     Preserved  Reduced

Histological grade

I 16   6    10    5    11                      7        9    10           6 8           8

II 35 15    20 >0.05    5    30 <0.05    11     24   >0.05    24    11     >0.05    19         16   <0.05

III 11   6      5    0    11                        1     10       6      5 3           8

Depth of invasion

T3 12   6      6 >0.05       4      8 >0.05         4        8   >0.05      6          6     >0.05 5           7   >0.05

T4 50 31    19    6    44    15     35    34    16            25         25

Lymph node metastases

Positive 35 14    21 >0.05    6    29 >0.05     9          26   >0.05    23    12     >0.05     12         23   <0.05

Negative 27 13            14    4    23    10     17    17    10            18          9

Figure 2 Positive expression of E-cadherin and γ-catenin proteins in membrane of esophageal squamous cell carcinoma. A:
Positive expression of E-cadherin protein in membrane of esophageal well differentiated squamous cell carcinoma. IHC ×200; B:
Positive expression of γ-catenin protein in membrane of esophageal squamous cell carcinoma. IHC×200; C: Positive expression
of γ-catenin protein in membrane of esophageal squamous cell carcinoma. IHC×400.

A B C



tissues including blood vessels and lymph duct. Thus the first
and critical step is that the tumor cells could detach from primary
foci and re-adhere to metastatic position[12,29,30]. E-cadherin is a
calcium-dependent cell-cell adhesion transmembrane glycoprotein,
maintaining normal epithelial polarity, and intercellular
adhesion, which are present in almost all normal epithelial cell
surfaces. It is anchored to the cytoskeleton via cytoplasm
proteins, including alpha and beta catenin[13,14,31]. E-cadherin,
therefore, is one of the most important adhesion molecules
expressed by epithelial cells and is regarded as an invasion
suppressor molecule[13,14]. In this study, overall survival was
inversely corrected with E-cadherin expression. Patients with
preserved E-cadherin expressing tumor had a better prognosis
than those with reduced expression of E-cadherin. This was in
agreement with previous studies on a variety of cancers, such
as cancer of head and neck[15,16], breast[17,18], stomach[19,32,33],
bladder[27]. In all these studies, reduction or loss of E-cadherin
expression was significantly associated with dedifferentiation,
increased invasiveness, and high incidence of lymph node
metastasis, hematogenous recurrence and poor prognosis in a
number of human carcinomas, including esophageal cancer.
But some other studies did not acquire the same results[3].
There were different results of reduced E-cadherin protein
expression in specimens from patients with ESCC in various
researches[21,23,32-35]. While in our investigation 88.7% of
ESCC showed reduced expression of E-cadherin. It was
postulated that selection of the patients entering into the study,
immunohistochemical method, antibody origination, tumor
heterogeneity and differences in staining evaluation might
individually or in combination hold responsibility. As a marker
associated with squamous cell differentiation[36], the level of E-
cadherin expression had an inverse correlation with histological
grade. Reduced or loss of E-cadherin expression was correlated
with poor differentiation, but not with lymphatic metastases
and depth of tumor invasion, suggesting that the reduction of
E-cadherin expression is associated with loss of the ability of
adhesion and facilitate to blood vessel metastases, as previously
reported[21].
        Catenins are a family of proteins including α-(102 ku), β-
(88 ku), γ-(82 ku) catenins. The cytoplasmic domain of E-cadherin
could bind directly to either β-catenin or γ-catenin, whereas α-
catenin could link E-cadherin- (β, γ)-catenin complex to acting
cytoskeleton. The integrity of the adhesion function of E-cadherin
also depended on an intact catenin system[15]. β-catenin could
also play a role in intracellular signaling and function as an
oncogene when it bound to T-cell factor 4 (Tcf4)-binding site in
the promotor region of cyclin D1 and transactivated genes
after translocation to the nuclei[37-39]. Catenins had different
clinicopathological roles in various cancers. In many epithelial
carcinomas including carcinoma of the esophagus[3,6,20,22,23,33],
head and neck[16], breast[17-19,25], stomach[19], colon[24] and
bladder[27], catenins had a prognostic significance in survival.
Some investigators reported that abnormal expression of α-
catenin was associated with the prognosis of esophageal
cancer. It also had predicative values for lymph node metastasis
in esophageal carcinoma. Several reports suggested that
abnormal expression of β-catenin could indicate poor prognosis
in a number of tumors, including esophageal cancer[17,20,25,33]. γ-
catenin was found to be more important in nodal metastasis in
tongue cancer. It was also predictive of the presence of subclinical
nodal metastasis in clinically node-negative neck[16]. The
expression of α-catenin but not β- or γ-catenin was found to be
correlated with the expression of E-cadherin in this study. The
reduction or loss of γ-catenin expression was associated with
more lymph node metastases than the preserved expression
(P<0.05). There was a correlation between poor differentiation
of tumor and reduction or loss of γ-catenin expression. The
reduction or loss of γ-catenin expression was in association

with shorter median survival time and lower 3-year survival
rate. All these suggested that γ-catenin might be one of the
prognostic factors in esophageal cancer. Howeres, the expression
of α-catenin and β-catenin was not related to the histological
grade, depth of invasion, lymph node metastases and survival
time.
       The clinical significance of cyclin D1 expression was different
in various tumors. It has shown that cyclin D1 gene amplification
or enhanced expression was correlated with higher histological
grade of tumor, lymphatic or hematogenous metastasis and
poor prognosis[40-43]. A controversial report, however, existed[6].
Some investigators thought cyclin D1 was the target gene of β-
catenin. Although a positive correlation between β-catenin
activation and cyclin D1 expression was reported, our study
did not show such a result. Furthermore, cyclin D1 expression
was not associated with the extent of tumor infiltration, grade
of differentiation, lymphatic metastases and survival time. These
inconsistencies with other authors may be associated with
location of tumor, pathologic classification, biologic behaviors,
examination methods and evaluating criteria.
     Our study showed that the main prognostic factors of
postoperative survival time were histological grade, depth of
tumor invasion and lymph node metastasis. The reduced
expression of E-cadherin or γ-catenin was associated with poor
differentiation of tumor cells. Reduced or loss of γ-catenin
expression also had predictive values for nodal metastasis.
The reduction or loss of E-cadherin and γ-catenin expression
could predict the shorter survival time. Therefore we suggest
that adjuvant radiation or chemotherapy should be considered
in esophageal carcinoma patients with reduced expression of
E-cadherin and γ-catenin in T4 stage, poor-differentiation in
histopathology, and lymph node metastases in order to improve
the survival rate.
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Abstract

AIM: To study the relevance of spindle assembly checkprotein
MAD2 to cellular mitotic status, aneuploidy and other
clinicopathological characteristics in gastric cancer.

METHODS: Western blot analyses were performed to
analyze the protein levels of MAD2 and cyclin B1 in the
tumorous and adjacent nontumorous tissues of 34 gastric
cancer patients. Cell cycle distribution and DNA ploidy of
cancer tissues were also determined by flow cytometry.
Conventional statistical methods were adopted to determine
the relevance of abnormal MAD2 level to mitotic status,
aneuploidy and clinicopathological parameters.

RESULTS: Out of 34 gastric cancer patients 25 (74%)
exhibited elevated MAD2 levels in their tumorous tissues
compared with the corresponding nontumorous tissues.
Elevation of MAD2 levels significantly correlated with the
increased levels of cyclin B1 expression and G2/M-phase
distribution (P = 0.038 and P = 0.033, respectively), but
was not relevant to aneuploidy. The gastric cancer patients
with elevated MAD2 levels showed a tendency toward better
disease-free and overall survival (P>0.05). However, no
association was found between elevated MAD2 levels and
patients’ clinicopathological characteristics.

CONCLUSION: Elevation of MAD2 level is present in 74%
of gastric cancer patients, and correlates with increased
mitotic checkpoint activity. However, elevation of MAD2
level is not associated with patients’ aneuploidy and any of
the clinicopathological characteristics.
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INTRODUCTION
During the cell division cycle, the localization and segregation

of chromosomes are under the surveillance of one group of
proteins, called spindle assembly checkproteins[1-3]. Mitotic
arrest-deficient proteins (MADs) and budding uninhibited by
benzimidazole proteins (BUBs) are the major members of spindle
assembly checkproteins[4-6]. Among them, MAD2 is a key
component of MAD/BUB complex that can censor mis-segregation
of chromosomes by monitoring the microtubule attachment and
tension[4,7,8]. MAD2 is usually expressed at a high steady-state
level and distributed at unattached kinetochores[9,10]. Re-
localization of MAD2 along microtubules to the spindle poles
is achieved by minus-end-directed dynein-dynactin complex
only when all kinetochores properly attach to microtubules[10].
Once misaligned chromosomes or even a single unattached
kinetochore is present, sufficient MAD2 molecules are kept in
kinetochores to inhibit the onset of anaphase until all
chromosomes exhibit proper bipolar attachment to the spindle.
The kinetochore MAD2 can associate with and thus prevent
the activation of anaphase-promoting complex (APC)[7,11-14].
APC is a kinetochore-localizing, CDC27-based ubiquitin ligase
responsible for cyclin B1 degradation and in turn down-
regulation of cyclin B1-associated CDC2 kinase activity, which
is required for metaphase-anaphase transition and for exit from
mitosis[7,11-14]. On the other hand, the microtubule-interfering
agents, such as paclitaxel and nocodazole, can also elicit the
spindle assembly checkpoint activity of MAD2[4,15,16]. In paclitaxel-
treated cells, MAD2 mediates inhibition of APC’s ability to
ubiquitinate cyclin B1, which avoids the degradation of cyclin
B1 and thus leads the cyclin B1/CDC2 activity to sustain longer[15].
This persistence of MAD2 and cyclin B1/CDC2 activation
renders cells unable to exit from the metaphase and ultimately
leads cells to apoptosis[15].
      As described above, the role of MAD2 in spindle checkpoint
machinery has been evidenced in many cell line studies.
Clinically, it was reported that MAD2 was rarely the target for
genetic alterations in digestive tract cancers[17,18]. Whatever
from clinical investigation or animal models, the evidence
demonstrating the relevance of MAD2 to cellular mitotic status
or other histopathological characteristics is yet lacking. In
this study, we investigated the level of MAD2 in 34 gastric
cancer patients. The MAD2-related mitotic checkpoint activity
was measured by cyclin B1 expression level and cell cycle
G2/M-phase fraction. Our data indicated that 25 out of 34 (74%)
gastric cancer patients exhibited elevated MAD2 levels in
their tumorous tissues rather than nontumorous tissues.
Elevation of MAD2 level correlated with increased mitotic
checkpoint activity but was not relevant to aneuploidy
(chromosomal numerical alteration). Although the gastric
cancer patients with elevated MAD2 levels exhibited a
tendency toward better disease-free and overall survival, no
correlation was found between abnormal MAD2 level and
patients’ clinicopathological characteristics.

MATERIALS AND METHODS
Patients and tumor specimens
Thirty-four primary gastric cancer tissues and their corresponding



normal mucosa were obtained from patients at Taipei Veterans
General Hospital. The patients consisted of 25 men and 9 women
(aged 43-80 years; mean: 63.8 years). Informed consent was
obtained from each patient. All specimens were snap-frozen
immediately after resection and stored at -80  until use. Parts
of the specimens were taken for protein extraction and DNA
content determination, and the remaining tissues were fixed in
40 g/L buffered formaldehyde for histologic examination.
Hematoxylin and eosin staining of tissue sections was adopted
to categorize the tumors according to the classification of
Lauren[19].

Tissue lysate preparation and Western blot analysis
Tissue lysates were prepared by the method described
previously[20]. Briefly, tumor and non-tumor specimens were
ground down into powder in the presence of liquid nitrogen.
Around 0.5 g of tissue powder was resuspended in 1.5 mL of
10 mmol/L Tris-Cl, pH 7.8, 140 mmol/L  NaCl, 5 g/L deoxycholate,
10 mL/L NP-40, 1 mmol/L phenylmethylsulfonyl fluoride,
10 µg/mL aprotinin, 10 µg/mL pepstatin A, and 10 µg/mL
leupeptin. The suspension was subjected to homogenization
and further sonication on ice, and finally was ultracentrifuged
at 100 000 g for 1 h at 4 . The supernatant was saved and
assayed for protein concentration (Bradford method). Aliquots
(30 µg protein) of tissue lysates were separated on 100 g/L
SDS-polyacrylamide gels, and electrotransferred onto
polyvinylidene difluoride membranes. After blocked with
PBST (phosphate-buffered saline plus 1 mL/L Tween-20) plus
50 g/L fat-free milk, the membranes were incubated with anti-
MAD2, cyclin B1, and β-tubulin antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), respectively, in PBST
plus 50 g/L milk at 4  for 12 h. The membranes were then
washed three times with PBST buffer, and incubated with
horseradish peroxidase-conjugated secondary antibodies for
1 h at room temperature. After washed three times with PBST
buffer, the protein bands were detected by enhanced
chemiluminescence (Amersham Biosciences, Piscataway, NJ,
USA).

Flow cytometric analysis of DNA content
The DNA ploidy and cell-cycle phase distribution of tissue
specimens were measured by flow cytometric analysis[21].
Frozen specimens were first minced into 2 to 5 mm3 pieces and
further digested into single cell suspensions[22]. Cell
suspensions were fixed with 800 mL/L ethanol at -20  at least
for 30 min before subsequent Triton X-100 permeabilization
and propidium iodide staining[16]. The cellular DNA content
was analyzed using a FACStar flow cytometer with an argon
laser tuned to the 488-nm line for excitation (BD Biosciences,
San Jose, CA, USA).

Statistical analyses
Data were analyzed by χ2 or t test. Survival rate was calculated
by the Kaplan-Meier method. Statistical comparisons were
made with Logrank test. The difference was considered to be
significant when P value was less than 0.05.

RESULTS

Elevated MAD2 level occurs in human gastric cancer
Western blot analysis was performed to analyze the MAD2
expression level of the tumorous and adjacent nontumorous
tissues of 34 gastric cancer patients. As shown in Figure 1, the
MAD2 protein was detected in both tumorous and nontumorous
tissue lysates. In most patients, MAD2 seemed labile in the
nontumorous tissues rather than the tumorous tissues. The
differential MAD2 level was confirmed by comparison with the

levels of β-tubulin in the same-paired tissue lysates. A patient
with elevated MAD2 level was defined as one whose MAD2
level in the tumorous tissue was higher than that in the adjacent
nontumorous tissue, and elevated MAD2 level could be found
in 25 of 34 (74%) cases of human gastric cancer.

Elevated MAD2 level correlates with increased mitotic arrest
but not aneuploidy
The MAD2-related mitotic arrest was measured by cyclin B1
level and cell cycle G2/M-phase fraction. We found that 18 of
34 (53%) gastric cancer patients had elevated cyclin B1
expression level in their tumorous rather than nontumorous
tissues (three examples shown in Figure 1). There was a
statistically significant correlation between elevated MAD2
level and elevated cyclin B1 level (P = 0.038), as 16 of 25 (64%)
gastric cancer patients who had elevated MAD2 levels also
manifested higher levels of cyclin B1 in their tumorous tissues
(Table 1). Moreover, the DNA contents of tumor specimens of
29 patients were successfully determined by flow cytometric
analysis. The data presented by mean±SD (%) of phase
fractions are shown in Table 2. We observed that the ratio of
G2/M-phase fraction in the tumor specimens exhibiting elevated
MAD2 levels was statistically higher than that in the tumorous
tissues with a normal MAD2 level (10.6 ± 4.9% vs 6.4 ± 4.0%,
P = 0.033). No significant difference in the ratios of G0/G1 and S-
phase fractions was found between the tumors with or without
elevated MAD2 levels (Table 2). In addition, DNA ploidy was
also determined from the tumor specimens of 32 patients.
Although 18 of 32 (56%) patients were found to have aneuploid
tumor cells, no correlation was observed between the occurrence
of aneuploidy and elevated MAD2 level in cancer tissues
(P = 1.000, Table 3).

Figure 1  Examples of elevation of MAD2 and cyclin B1 levels
in human gastric cancer. Western blot analyses were performed
to analyze the protein levels of MAD2 and cyclin B1 in the
lysates from non-tumorous tissues (N) and tumorous tissues
(T) of gastric cancer patients, #195, #198, #249, #269, #214, and
#274. The levels of β-tubulin in the same-paired tissue lysates
were analyzed as internal control.

Table 1  Cyclin B1 expression status of 34 gastric cancer tissues
with or without MAD2 overexpression

   Cyclin B1 level

         T > N                   T = N

 MAD2 level

     T > N (n = 25) 16                      9

     T = N (n = 9)   2                      7

                                                                        P = 0.038

T: tumorous tissue; N: non-tumorous tissue.
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Table 2  Cell cycle phase fractions of 29 gastric cancer tissues
with or without MAD2 overexpression (mean±SD)

Phase fraction (%)

      G0/G1                 S                   G2/M

MAD2 level

    T > N (n = 20)    80.8±5.9    8.6±7.0  10.6±4.9

    T = N (n = 9)    83.5±7.4    9.9±7.7    6.4±4.0

  P = 0.301   P = 0.657   P = 0.033

T: tumorous tissue; N: non-tumorous tissue.

Table 3  DNA ploidy status of 32 gastric cancer tissues with or
without MAD2 overexpression

Diploidy                 Aneuploidy

MAD2 level
     T > N (n = 23)                           10  13

     T = N (n = 9)                              4    5
   P = 1.000

T: tumorous tissue; N: non-tumorous tissue.

Elevated MAD2 level does not correlate with clinicopathological
characteristics
The relationship of elevated MAD2 level with clinicopathological
characteristics was also investigated and summarized (Table 4).
The evaluated parameters included age at diagnosis, tumor
site and size, cell differentiation grade, stromal reaction, invasive
and metastatic status, etc. For the 34 studied patients, age and
gender did not associate with higher levels of MAD2 in cancer
tissues (P>0.05). There was no association between elevated
MAD2 levels and different tumor sites (upper, middle, lower or
whole stomach), tumor sizes, and other histopathological
characteristics including grade of cell differentiation, Borrmann
type, stromal reaction (medullary, intermediate or schirrhous
type), infiltration type (α, β or γ), Lauren histological classification
(intestinal or diffuse type), and TNM staging (I-IV), either. In
addition, elevation of MAD2 level in cancer tissues was not
correlated with the invasion parameters, including the lymphatic
duct or vessel invasion and depth of cancer invasion (mucosa,
submucosa, propria muscle, subserosa, serosa, serosa exposed),
and metastatic status such as peritoneal dissemination and lymph
node or liver metastasis (Table 4). Finally, the patients with
elevated MAD2 levels in tumor tissues exhibited higher five-
year overall and disease-free survival rates in comparison with
those without elevated MAD2 levels (48.0% vs 20.8% and
46.3% vs 11.1%, respectively), but the difference did not reach
a significant level (P = 0.478 and 0.229, respectively; Table 4).

Table 4  Relationships between elevated MAD2 levels and
clinicopathological characteristics (mean±SD)

            MAD2 level

               T>N (n = 25) T=N (n = 9)       P

Age (yr)                     62.8±10.3    66.4±5.0      0.325

Sex (male/female)            19/6             6/3         0.586

Site of tumor          0.828

     Upper stomach  4          2

     Middle stomach  6          2

     Lower stomach            14          4

     Whole stomach                 1          1

Size of tumor (cm)                       7.3±2.3        8.0±2.9      0.470

Grade of cell differentiation           0.146

 Well differentiated  1          0

 Moderately differentiated            13          8

 Poorly differentiated            11          1

Borrmann type          0.664

       0  2          0

     1 + 2  6          2

     3 + 4            17          7

Stromal reaction          0.739

     Medullary type  6          3

     Intermediate type            12          3

     Schirrhous type  7          3

Infiltration type          0.475

     α  4          2

     β  8          1

     γ            13          6

Lauren histological classification          0.448

     Intestinal type            13          3

     Diffuse type            12          6

Lymph node metastasis (Yes/No)      15/10          6/3         1.000

Lymphatic duct invasion (Yes/No)    18/7            7/2         1.000

Vascular invasion (Yes/No)              2/23           1/8         1.000

Liver metastasis (Yes/No)              1/24           0/9         1.000

Peritoneal dissemination (Yes/No)       2/23           1/8         1.000

Depth of cancer invasion          0.738

     Mucosa, submucosa  1          0

     Propria muscle, subserosa  5          1

     Serosa            18          8

     Serosa (infiltration) exposed  1          0

TNM stage          0.932

       I  3          1

     II  8          2

     III  8          3

     IV  6          3

Five-yr overall survival rate            48.0%      20.8%       0.478

Five-yr disease-free survival rate        46.3%      11.1%       0.229

DISCUSSION
Spindle assembly checkpoint is one of the mechanisms to guard
the fidelity of cell division cycle[1-3]. MAD2 is a key component
of spindle assembly checkprotein complex MAD/BUB that is
responsible for monitoring the localization and segregation of
chromosomes[4,7,8]. MAD2 could induce mitotic arrest by
associating with and thus inhibiting APC when microtubule-
interfering agents were present in cancer cell cultures[4,15].
However, the evidence demonstrating the clinical relevance of
MAD2 to cancer cell mitotic status is yet lacking. In this study,
we provided the clinical data to support the mitotic checkpoint
role of MAD2 in cancer tissues. We found that 74% of our
gastric cancer patients had elevated levels of MAD2 in their
tumorous tissues. These patients also exhibited more cyclin B1
expression and G2/M-phase distribution in their cancer cells.
Because MAD2 can interfere with APC and APC is an ubiquitin
ligase responsible for cyclin B1 degradation, elevation of both
cyclin B1 expression and cellular G2/M-phase ratio may be
resulted from a higher mitotic checkpoint activity that is expected
of elevated MAD2 level. Noteworthily, these patients had a
tendency toward longer disease-free and overall survival. We
speculate that the checkpoint activity of MAD2 exerted in these
patients monitors the interaction of chromosomes with spindle
fibers, which is finally linked with better disease-free and overall
survival. Elevated level of MAD2 seems to be a possible target
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for potential development of novel therapeutic or prognostic
modalities in the future.
       Our data indicate that elevated MAD2 levels did not prevent
the occurrence of aneuploidy in gastric cancer. Aneuploidy is
one of the hallmarks of cancer cells[23-25]. Considering spindle
assembly checkproteins function as a monitor for the fidelity
of chromosomal segregation, impairment of spindle assembly
checkpoint is expected to associate with the development of
cancer cell aneuploidy. However thus far, many aneuploid
cancer cell lines did undergo mitotic arrest in response to spindle
damage, indicating that not all cancer cells with aneuploidy had
an impaired spindle checkpoint[26-28]. Moreover, accumulating
studies have demonstrated that the BUBs (BUB1, BUBR1 and
BUB3) and MADs (MAD1 and MAD2) were rarely the targets
for genetic alterations in a variety of human cancer types
including head-and-neck squamous cell carcinoma[29], non-
small cell lung cancer[29,30], thyroid follicular neoplasms[28],
hepatocellular carcinoma[27], and digestive tract cancers[17,18,30].
These data suggest that cancer cell aneuploidy may arise from
the alternative defects yet to be discovered. Despite of the low
frequency of gene mutation, a research of 43 gastric cancer
patients concluded that overexpression of BUB1, BUBR1 or/
and BUB3 was observed in >60% of cases[31]. There was no
statistically positive correlation between overexpression of
BUBs and cancer aneuploidy. Instead, the overexpression was
significantly correlated with Ki-67 expression of tumor cells,
suggesting that BUBs are proliferation-associated proteins
other than spindle checkproteins in gastric cancer[31].
    The gastric cancer patients with different molecular
alterations were shown to have distinct histopathological
features. For example, simultaneous overexpression of
hepatocyte growth factor receptor (c-Met), autocrine motility
factor receptor (AMFR) and urokinase-type plasminogen
activator receptor (uPAR) was correlated with positive lymphatic
vessel invasion and infiltration[32]. Estrogen receptor (ER) was
more expressed in diffuse-type patients with regional lymph
node metastasis[33]. Additionally, positive expression of nm23
was detected in as high as 74% of gastric cancer patients and
was related to patients’ age, tumor size, Borrmann type, Lauren
classification, and TNM stage[34]. COX-2 overexpression
significantly correlated with TNM staging; while abnormal
expression of E-cadherin/β-catenin complex occurred more
significantly in Borrmann types III/IV than in types I/II. In our
present study, no histopathological parameter was found to be
associated with elevated MAD2 level in gastric cancer patients.
It was reported consistently that MAD2 was significantly
overexpressed in colorectal adenocarcinoma, but was not
related to differentiation or other clinical parameters.
       In conclusion, an elevation of spindle checkprotein MAD2
level was observed in 74% of our gastric cancer patients, and
was significantly correlated with the increased levels of cyclin
B1 expression and G2/M-phase distribution in cancer tissues.
However, an elevated MAD2 level was not associated with
aneuploidy and other clinical factors, including demographic
features and histopathological characteristics.
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Abstract

AIM: Survivin is a novel antiapoptotic gene in which three
splicing variants have been recently cloned and characterized.
Survivin has been found to be abundantly expressed in a
wide variety of human malignancies, whereas it is undetectable
in normal adult tissues. We aimed to study the expression
of three survivin splicing variants in gastric cancer, and to
evaluate the prognostic significance of the expression of
survivin variants in gastric cancer.

METHODS: Real time quantitative RT-PCR was performed
to analyze the expression of survivin variants in 79 paired
tumors and normal gastric mucosa samples at the mRNA
level. Proliferative and apoptotic activity was measured
using Ki-67 immunohistochemical analysis and the TUNEL
method, respectively.

RESULTS: All the cases tested expressed wild-type survivin
mRNA, which was not only the dominant transcript, but
also a poor prognostic biomarker (P = 0.003). Non-
antiapoptostic survivin-2B mRNA was correlated with tumor
stage (P = 0.001), histological type (P = 0.004), and depth
of tumor invasion (P = 0.041), while survivin- Ex3 mRNA
showed a significant association with apoptosis (P = 0.02).

CONCLUSION: Wild-type survivin mRNA expression levels
are of important prognostic value and significant participation
of survivin-2B and survivin- Ex3 is suggested in gastric
cancer development.

Meng H, Lu CD, Sun YL, Dai DJ, Lee SW, Tanigawa N. Expression
level of wild-type survivin in gastric cancer is an independent
predictor of survival. World J Gastroenterol  2004; 10(22):
3245-3250

http://www.wjgnet.com/1007-9327/10/3245.asp

INTRODUCTION
Apoptosis, also called programmed cell death, plays an important

role in the development and homeostasis of tissues. Deregulation
of apoptosis is involved in carcinogenesis by abnormally
prolonged cell survival, facilitating the accumulation of transforming
mutations and promoting resistance to immunosurveillance[1].
Several studies have consistently shown that survivin could
mediate suppression of apoptosis. Surprisingly, in a single copy
of survivin gene, three alternatively splicing transcripts have
been identified. In addition to wild-type survivin, two novel
survivin variants (survivin-2B, survivin- Ex3), which have
different antiapoptotic properties, have been generated.
Survivin-2B has lost its anti-apoptotic potential, whereas its
anti-apoptotic potential is preserved in survivin- Ex3[2,3]. Their
different functions in carcinogenesis are largely unknown.
     Gastric carcinoma is one of the most frequent human
malignancies[4]. As shown by our group[5], 34.5% of gastric
cancers expressed survivin protein and a positive correlation
between accumulated p53 and survivin expression in neoplasia
was found. In this study, we investigated the distribution of
survivin variants in paired tumors and normal gastric mucosa
samples at the mRNA level and assessed the potential relationship
between the expression of survivin variants and proliferative
activity, apoptosis or prognostic significance.

MATERIALS AND METHODS

Patients and specimens
Matched pairs of tumors and normal gastric mucosa samples
were obtained from 76 patients with gastric cancer and 1 patient
with malignant lymphoma at the Department of General and
Gastroenterological Surgery, Osaka Medical College Hospital
during 2000-2002. The specimens resected at surgery were
immediately frozen in liquid nitrogen and stored at -80  until
total RNA extraction. Clinicopathological parameters were assigned
according to the principles outlined by Japanese Classification
of Gastric Carcinoma[6]. Samples included stage I cases (n = 22),
stage II cases (n = 11), stages III cases (n = 20), stage IV cases
(n = 26). There were 62 (78.5%) males and 17 (22.5%) females,
and the mean age of the patients was 65.2 years (SD, 9.6 years;
range, 40-87 years). No Patients received chemotherapy or radiation
therapy either before or after surgery. The mean follow-up period
was 19.7 mo (SD, 14.9 mo; range, 1.5-87 mo). Formalin-fixed
paraffin-embedded blocks of primary tumors were taken from
pathological archives. Two to four µm thick serial sections of
2-4 thicken were prepared from the cut surface of the blocks at
the maximum cross-section of the tumors.

Total RNA extraction
Total RNA was extracted by an acid guanidinium-phenol-
chloroform method using ISOGEN (Nippon Gene, Toyama, Japan)
according to the manufacturer’s instructions. Afterwards the
total RNA was purified using DNase 1 (GIBCO-BRL, Gaithersburg,
MD, USA). Extracted total RNA pellets were dissolved with RNase
free diethyl pyrocarbonate (DEPC)-treated water.

Reverse transcription
Complementary DNA (cDNA) was synthesized with 5 µg of
total RNA and 20 pmoL oligo (dT)18 primer using an Advantage
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RNA-for-PCR kit (CLONTECH, Inc., Palo Alto, USA), with
the exception of 200 U SurperScriptTM II RNase H- reverse
transcriptase (Invitrogen, Inc., Carlsbad, USA) in a final 20 µL
reaction volume. RT reactions were performed at 50  for 120 min.
Finally, cDNA solution was diluted to a total volume 100 µL.

Quantitative real time RT-PCR
Quantitative real time RT-PCR was performed with a LightCycler
(Roche Diagnostics, Mannheim, Germany). As an internal control,
housekeeping gene G6PDH mRNA expression was measured
at the same time. DEPC-treated H2O was used as a negative
control and MKN-74 was used as a positive control. Then, 1µL
of cDNA mixture was subjected to amplification in 10 µL reaction
mixture. The PCR conditions were initial denaturation at 95 
for 10 min, followed by 40 cycles of denaturation at 95  for 10 s,
annealing at 62  for 10 s for survivin, survivin-2B and
survivin- Ex3 (or at 63 for G6PDH), extension at 72  for
10 s, respectively. A standard curve using fluorescent data was
generated from serial tenfold dilution of specific plasmids from
107 to 102 copies, respectively. The number of gene copies was
calculated by the LightCycler Software Version3.5.3 according
to the Fit Points Above Threshold method. Primer pairs and
hybridization probes for survivin, survivin-2B, survivin- Ex3
and G6PDH mRNA were as follows. The sequence of the common
forward primer for survivin variants was 5’-CCACCGCATCTC
TACATTCA-3’. To distinguish the 3 splice variants of survivin,
the sequences of reverse primers for survivin variants were
designed to correspond to exon/exon borders of the complementary
strand (5’-TATGTTCCTCTATGGGGTCG-3’ for survivin, 5’-
AGTGCTGGTATTACAGGCGT-3’ for survivin-2B, 5’-TTTCCT
TTGCATGGGGTC-3’ for survivin- Ex3). The sequences of
common hybridization probes for survivin variants were 5’-
CAAGTCTGGCTCGTTCTCAGTGGG-3’-FITC and LC Red640-
5’-CAGTGGATGAAGCCAGCCTCG-3’. The sequence of the
forward primer for G6PDH was 5’-TGGACCTGACCTACGGCA
ACAGATA-3’. The sequence of the reverse primer for G6PDH
was 5’-GCCCTCATACTGGAAACCC-3’. The sequences of
hybridization probes for G6PDH were 5’- TTTTCACCCCACTGC
TGCACC-3’-FITC and LC Red640 -5’-GATTGAGCTGGAGAAG
CCCAAGC-3.
       PCR products were additionally checked by electrophoresis
on 30 g/L agarose gels (BIO-RAD, Inc., Hercules, USA) containing
ethidium bromide and visualized under UV transillumination.

Sequence analysis
To confirm the identity of the PCR products, their bands were
excised from agarose gels and isolated by a QIAquick gel extraction
kit (Qiagen, Tokyo, Japan), ligated into a pGEM-T-cloning vector
(Promega), and cloned according to standard protocols. Plasmid
DNA was recovered using a Plasmid Mini kit (Qiagen, Tokyo,
Japan). Cycle was sequenced and analyzed in an ABI-PRISM310
(Applied Biosystems) using T7 or SP6-site specific primers. The
sequences of the PCR products were compared with those in
GenBank, which were found to be identical (Data not shown).

Ki-67 immunohistochemical staining and assessment of
proliferative index
Immunohistochemical staining was performed by the standard
avidin-biotin-peroxidase complex technique using L.V. Dako
LSAB kit (DAKO, Copenhagen, Denmark) as described
previously[5,7,8]. The antibodies used were monoclonal mouse
antibody Ki-67 (MIB-1, diluted 1:50; Immunotech, Marseilles,
France). The labeling index (LI) of Ki-67 was determined in those
tumor areas with positive stained nuclei. Five random areas within
a section were chosen and counted under 200-fold magnification
using a point counting technique. The average percentage of
positivity was recorded as the Ki-67 LI for each case[7].

Histochemical detection of apoptosis and determination of AI
Apoptotic cells in tissue sections were detected by terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end
labeling (TUNEL), using an Apop Tag in situ detection kit (Oncor,
Gaithersburg, MD). The staining procedures were based on a
method described previously[5,6,8]. The apoptotic index (AI) was
expressed as the ratio of positively stained tumor cells and bodies
to all tumor cells according to the criteria described elsewhere[5,7].
Five areas were randomly selected for counting under 400-fold
magnification.

Statistical methods
All statistical analyses were performed by the SPSS11.0 software
package for Windows (SPSS Inc., Chicago, IL). Differences in
the numerical data between the two groups were evaluated
using the Mann-Whitney U test. The χ2 test was further used
to compare the distribution of individual variables and any
correlation between AI or Ki-67 index and expression of survivin
variants. The correlation between AI and expression of survivin
variants for each case was also analyzed by Spearman’s rank
correlation test. Survival curves were calculated using the Kaplan-
Meier method and analyzed by the log rank test. A two-tailed P
value less than 0.05 was considered statistically significant.

RESULTS
Expression of survivin variants in clinical materials and cell lines
Among the 79 tumor samples, survivin expression was detected
in all tumor samples (79/79), survivin-2B expression was
demonstrated in 78.5% (62/79) of the samples and survivin- Ex3
expression was detected in 64.6% (51/79) of the samples
(Figure 1). In contrast, survivin expression was detectable in
46 (58.2%) of the normal mucosa samples, while survivin2B
expression and survivin- Ex3 were detected in 23 (29.1%) and
12 (15.2%) of the mucosa samples respectively.

Figure 1  Amplification, separation and visualization of survivin
(185 bp), survivin-2B (214 bp) survivin- Ex3 (184 bp), and
G6PDH (256 bp) mRNA (40 cycles) in a typical case.

     The relative amounts of survivin variant mRNA were
determined by dividing the amount of survivin variant mRNA
by that of G6PDH mRNA for each sample. In tumor samples, the
relative levels of survivin-2B and survivin- Ex3 was further
normalized by matched survivin. Because three alternatively
spliced variants are derived from a common hnRNA precursor
pool, these ratios seemed to be independent of any possible
bias imposed by variations in housekeeping gene expression
levels[9,10]. Although there was a significant difference in G6PDH
expression between normal tissues and cancer samples at the
same amount of total RNA used (P<0.0001, Mann-Whitney U
test, Figure 2A), the survivin variant/G6PDH ratio in our cancer
tissues were significantly higher than that in non-neoplastic
tissues (P<0.0001, Mann-Whitney U test, Figure 2B).
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Figure 2  A: RT-PCR amplification of G6PDH in paired samples
of normal gastric mucosa and gastric carcinoma. B: Relative
(G6PDH-normalised) mRNA levels of survivin variants in paired
samples of normal gastric mucosa and gastric carcinoma. Two-
tailed P values were calculated by the Mann-Whitney U test.

Relationship between expression levels of survivin variants and
clinicopathological parameters
The expression level of survivin-2B was significantly (P = 0.001,
Table 1, P<0.0001, χ2 test, Figure 3A) decreased in advanced
(III+IV) stage compared with early (I+II) tumor stage. Furthermore,
the level of survivin-2B was inversely correlated with the grade
of tumor differentiation (P = 0.004, Table 1, P = 0.023, χ2 test,
Figure 3B) and depth of tumor invasion (P = 0.042, Table 1, P = 0.021,

χ2 test). A stage-dependent decrease of survivin-2B was also
confirmed by the ratio of survivin-2B/survivin (P = 0.018, Table 1,
P = 0.022, χ2 test, Figure 3C).
      None of the investigated clinicopathological parameters
showed a statistically significant correlation with the expression
of other types of survivin variants besides survivin-2B.

Correlation between expression levels of survivin variants and AI
Apoptotic cells and bodies were detected in all cases of gastric
carcinoma tested (Table 1, Figure 4A). The mean AI was 1.07%
(SD, 0.41%; range, 0.38-2.38%) with a median of 0.95%. The
mean AI in survivin- Ex3-low expression samples was significantly
higher than that in survivin- Ex3-high expression samples
(P = 0.02, Table 1, P = 0.028, χ2 test, Table 1). There was no
correlation between apoptotic index and clinicopathological
parameters described. Spearman’s rank correlation test demonstrated
a significant negative correlation between apoptotic index and
expression level of survivin- Ex3 ( =  -0.257, P = 0.022).

Association of expression levels of survivin variants with PI
Proliferative cells were detected by intense nuclear immunoreactivity
to the Ki-67 antigen, as illustrated in Figure 4B. The mean
proliferative index (PI) in gastric tumors tested was 48.46%
(SD, 9.54%; range, 28.49-82.98%) with a median of 46.87%. No
significant relationship was identified between PI of tumor cells
and clinicopathological parameters, as demonstrated in Table1.
In addition, no significant association was found between PI
and any type of survivin variants.

Prognostic value of survivin mRNA expression
Postoperative survival of the 79 gastric cancer patients was
analyzed according to the expression level of survivin variants.
Results are shown in Figure 5. Each survivin variant value was
divided by the median value. The survival curve of patients with
high-survivin expression was significantly lower than that of
those with low-survivin expression (P = 0.003, log-rank test).
No prognostic significance for either survivin-2B or survivin-

Ex3, however, was found in the current study.
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Table 1  Relationship among expression levels of survivin variants and clinicopathologic parameters, proliferative activity or
apoptosis

Parameters    No. of patients (%) Sur/G6PDH       Sur-2B/G6PDH     Sur- Ex3/G6PDH            Sur-2B/sur         Sur- Ex3/sur

Gender (median)
    Male 62 (78.5)    P = 0.445 P = 0.598 P = 0.079 P = 0.125      P = 0.408
    Female 17 (22.5)
Age yr (median)
    <64 39    P = 0.462 P = 0.108 P = 0.177 P = 0.129      P = 0.262
    >64 40
Histological type
    Differentiated 47    P = 0.976 P = 0.004 P = 0.151 P = 0.053      P = 0.231
    Undifferentiated 32
Depth of invade
    Not invasion 27    P = 0.336 P = 0.042 P = 0.266 P = 0.354      P = 0.555
    Invasion 40
Clinical stage
    Stage I+II (22+11)   P = 0.075 P = 0.001 P = 0.139 P = 0.018      P = 0.863
    Stage III+IV (20+26)
Ki67 (median)
    Low 39   P = 0.791 P = 0.197 P = 0.567 P = 0.401      P = 0.512
    High 40
Apop Tag (median)
    Low 39   P = 0.421 P = 0.070 P = 0.0020 P = 0.408      P = 0.099
    High 40

Two-tailed P values were calculated by the Mann-Whitney U test. Differentiated type: Papillary type, Tubular type. Undifferen-
tiated type: Poorly differentiated type, Signet ring cell type, Mucinous type. Not invasion: No invasion of the serosa. Invasion:
invasion of the serosa.
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DISCUSSION
In this study, the prognostic significance of the expression of
three survivin splicing variants in gastric carcinoma was
examined for the first time. Interestingly, only increased wild-type
survivin mRNA expression was prominently correlated with
reduced survival time, whereas neither survivin-2B nor survivin-

Ex3 showed an association with prognosis. In accordance
with recent studies, we did not find a correlation between mRNA
expression levels of anti-apoptotic variants (survivin or survivin-

Ex3) and the investigated clinicopathological parameters[9,10].
There is no doubt, however, survivin plays a role in enhancing
the malignant behavior of tumors. In cell culture systems, over-

expression of survivin was consistently associated with inhibition
of cell death[2]. Strong survivin mRNA expression showed chemo-
radio resistance[11-13] and a correlation with recurrence in
patients[14]. In retrospective trials, increased survivin mRNA or
protein expression was reported to be a prognostic indicator of
tumor progression in different types of human cancer[15-19]. Our
observations further confirmed that survivin mRNA was a poor
prognostic biomarker. This suggests that a relatively straightforward
detection of survivin protein or mRNA in clinical patients may
provide an initial marker of aggressive diseases, potentially
requiring in-depth follow-up protocols or alternative treatment
regimens in the future.

Figure 3  Relative mRNA levels of survivin variants. A: Significant decrease of relative (G6PDH-normalised) mRNA levels of
survivin-2B in advanced stages (P = 0.001, Mann-Whitney U test). B: Significant decrease of relative (G6PDH-normalised) mRNA
levels of survivin-2B in undifferentiated type (P = 0.004, Mann-Whitney U test). C: Significantly lower ratio of survivin-2B/survivin
in advanced stages than that in early stages (P = 0.018, Mann-Whitney U test).

Figure 4  Histochemical staining for Ki-67 and apoptotic tumor cells. A: TUNEL in situ labeling for detecting apoptotic cells and
bodies (arrows, magnification ×400) in adenocarcinoma. B: Ki-67 nuclear immunohistochemical staining revealing proliferating
tumor cells in adenocarcinoma (magnification ×400).

Figure 5  postoperative survivals of 79 gastric carcinoma patients. A: Shorter survival time of patients with high expression of
wild-type survivin mRNA compared to patients with low expression of wild-type survivin expression (P = 0.003, log-rank test).
B: No significance in expression of survivin-2B mRNA (P = 0.166, log-rank test). C: No significance in expression of survivin-
Ex3 mRNA (P = 0.441, log-rank test).
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     The notion that survivin inhibits apoptosis has been
established, but the mechanism (s) by which this occurs has
not been conclusively determined. The actual molecular interaction
partners of survivin variants, however, have remained elusive[2].
Although there is a good agreement that deregulation of cell
death/survival pathways contributes to malignant transformation,
the potential predictive/prognostic impact of apoptosis regulatory
molecules and AI has remained controversial[8]. This study
failed to show the relationship between apoptotic index and
survivin expression in gastric carcinoma although it was shown
in previous[5,20] studies showed in gastric cancer that survivin
expression was inversely correlated with apoptosis. These
controversial findings were attributed in part to the dual function
by which survivin regulates cell death and cell division. In recent
studies, frameshift carboxyl terminus of survivin- Ex3 was
found to contain a bipartite localization signal, which mediates
its strong nuclear accumulation and might interfere with
degradation of survivin- Ex3 protein by ubiquitin tagging.
Survivin- Ex3, therefore, could evade cell cycle-specific
degradation by the ubiquitin-proteasome pathway, known for
survivin. In contrast, cytoplasm has been found to be the most
probable location of both survivin and survivin-2B[21,22]. Other
unique features in survivin- Ex3 were also identified, including
a mitochondrial localization signal and a BH2 domain, which
might inhibit apoptosis by association with bcl-2, and suppress
Caspase-3 activity by BIR-dependent pathway[23]. Consequently,
survivin- Ex3 may play a more crucial role in the regulation of
apoptosis.
      Although mRNA levels of survivin-2B and survivin- Ex3
have been found in different tumors[3,10,24,25], little is known
about the protein levels of endogenous survivin-2B and
survivin- Ex3, due to the lack of survivin variant-specific
antibodies. Our results showed that a low mRNA expression
level of survivin-2B was inversely correlated to the advanced
(III+IV) stage, undifferentiated tumor histology and deep tumor
invasion. There are at least two reasonable explanations for
this finding. After losing its antiapoptotic potential, survivin-
2B was hypothesized to be a naturally occurring antagonist of
survivin from competitive binding to heterologous interaction
partners, or from the formation of inactive survivin: survivin-
2B heterodimers with respect to recently observed dimer
formation of survivin[21]. Downregulation of survivin-2B might
weaken its functional antagonism, and moreover, could permit
the generation of more survivin or survivin- Ex3 because three
survivin variants come from the same pool of a hnRNA precursor.
Thus, the decrease in survivin-2B may result in the development,
invasion and anaplasia of carcinomas.
     In addition, our data showed that all gastric carcinoma
samples expressed wild-type survivin at a significant level
compared to the matched normal gastric mucosa samples.
Similarly, the expression of survivin-2B or survivin- Ex3 was
significantly elevated in carcinoma tissue. Among three survivin
variants, survivin was the dominant transcript. In this regard,
our results were consistent with those of two recent TR-PCR
studies[10,26] on gastric cancer in which a few gastric mucosa
samples (17-23%) of the first-degree relatives also expressed
survivin mRNA, but the normal control subjects did not. All
these findings may help explain why survivin variants played
important roles in the early stage of carcinogenesis of gastric
cancer.
       In summary, survivin mRNA is a poor prognostic biomarker
and that non-antiapoptotic survivin-2B was correlated to
tumor stage, histological type and depth of tumor invasion.
Even more striking is the observation for the first time that
neither survivin nor survivin-2B show a close association
with the apoptosis index, as observed in survivin- Ex3,
although further experimental work is necessary to elucidate

the functional properties of different splicing variants in
more detail.
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Abstract

AIM: To investigate the relationship between bcl-2 gene
and its related protein bax and intrahepatic cholangiocellular
carcinoma (CCC).

METHODS: Semi-nested in situ PCR (SNISPCR) and imm-
unohistochemistry were performed to detect bcl-2/JH fusion
gene and bcl-2, bax protein expression in 29 cases of CCC.

RESULTS: No bcl-2/JH fusion gene was found in all cases
of CCC, 72.4% of 29 cases expressed bcl-2 protein. Bcl-2
protein expression was related to histopathological grades
(P<0.05). There was no corresponding relationship between
bcl-2/JH fusion gene formation and bcl-2 protein expression
in CCC (P <0.05). Bax was expressed in 10.3% of 29 cases.
The ratio of bcl-2 to bax in normal liver tissues (3.5 to 1) was
different from that in tumor tissues (7.0 to 1).

CONCLUSION: It is suggested that bcl-2/JH fusion gene
formation is not a frequent event and may not play an important
role in the pathogenesis of CCC. However, aberrant ratio of
bcl-2 to bax protein expression may be involved in the course
of tumorigenesis of CCC. Abnormal bcl-2 protein expression
may not be solely resulted from bcl-2/JH fusion gene.
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INTRODUCTION
Bcl-2 gene was first identified in B-cell leukemia and follicular
lymphoma which confered a survival advantage on B-cells by
inhibiting apoptosis. Bcl-2 gene at chromosome 18 is juxtaposed
with the immunoglobulin heavy chain gene (JH) on chromosome
14[1]. The t (14; 18) chromosome translocation was present in
70% to 85% of follicular lymphoma and in 20% to 30% of diffuse
large-cell lymphomas[1-4]. While aberrant expression of bcl-2
protein was also found in follicular lymphoma. In the early
study, bcl-2 gene was mainly investigated in lymphoid tissues.
Recently, bcl-2 gene aberrant expression has been observed in
a variety of tumors, such as adenocarcinoma of the prostate,
bladder carcinoma, squamous cell carcinoma of the lung,
nasopharyngeal carcinoma, breast carcinoma and cholangioc-
arcinoma[5-17]. However, bcl-2/JH fusion gene and its relationship
with bcl-2 protein expression have not been detected in

cholangiocellular carcinoma (CCC).
      Bax, an important homologue of bcl-2, is a promoter of
apoptosis. It has been proposed that the sensitivity of cells to
apoptosis stimuli be closely related to the ratio of bcl-2/bax and
other bcl-2 homology. When bcl-2 is in excess, cells are protected.
However, when bax is in excess and bax homodimers dominate,
cells are susceptible to apoptosis[18]. Whether bcl-2/bax expression
ratio is involved in the course of tumorigenesis of CCC remains
unknown.
      In this study, we demonstrated that bcl-2/JH fusion gene,
bcl-2 and its related protein bax expression with semi-nested
in situ PCR (SNISPCR) and immunohistochemistry  in 29 cases
of CCC to understand the relationship between bcl-2 gene and
its related protein bax in CCC.

MATERIALS AND METHODS
Tissue preparation
A total of 29 samples were obtained by surgical resection in
our department from 1995-06-01 to 1998-02-28. All samples were
independently reviewed by two pathologists and graded as
recommended by WHO. The cases of CCC were classified as
follows: 6 cases of well differentiated, 14 cases of moderately
differentiated and 9 cases of poorly differentiated carcinomas.
Undamaged liver tissues from surgical resection specimens of
young adults with minor liver injury who underwent partial
hepatectomy were used as normal controls. All tissues were
fixed in 40 g/L  formaldehyde  (pH 7.0) for 12-24 h and embedded
in paraffin and then 4 µm thick serial sections were cut and
mounted on poly-l-lysine coated slides.

Immunohistochemical staining
The sections were deparaffinized and rehydrated routinely.
Antigens were retrieved by heating the sections in a microwave
oven at 700 W in 10 mmol/L citrate buffer (pH 6.0) for 10 min.
After blocked with 3 mL/L H2O2 and swine serum, specimens
were then incubated with the primary antibodies, directed
against bcl-2 (Maxim Biotech Co., China) and bax (Senta Cruz).
The staining was performed by streptavidin peroxidase enzyme
conjugate method using a S-P kit (Zymed). Reaction products
were visualized by DAB. Brown-yellow granules in cytoplasm
were recognized as positive staining.

Semi-nested in situ PCR
Pretreatment: Sections were deparaffinized and dehydrated
routinely, then washed in 0.1 mol/L HCI and PBS, digested with
proteinase K (10 mg/L), and placed on the platform in a DNA
thermal cycler at 98  for 2 min.
        Amplification in situ: The final volume of 20 µL (200 µmol/L
each of dATP, dCTP, dGTP and dTTP, 1.5 U Taq polymerase,10×
buffer). Two and half sets of primers specific for the two hot
breakpoint regions on bcl-2 gene were synthesized according
to the DNA sequences published by Gribben[19]. The following
oligonucleotides were used as primer pairs: A, 5’-CAGCCTTGA
AACATTGATGG-3’ for the mbr (in major breakpoint region);
B, 5’-CGTGCTGGTACCACTCCTG-3’ for the mcr (in minor
breakpoint region); C, 5’-TATGGTGGTTTGACCTTTAG-3’ for
the mbr (in major breakpoint region); D, 5’-GGACCTTCCTTGG



TGTGTTG-3’ for mcr (in minor breakpoint region); Immunoglobulin
heavy chain (JH), 5’-ACCTGAGGAGACGGTGACC-3’. At first,
mbr-JH fusion gene was amplified by primer A and JH, and mcr-
JH fusion gene was amplified by primer B and JH. The slides
were covered after adding reaction mixture. The samples were
subjected to 25 amplification cycles, each cycle consisiting of
denaturation at 94  for 1 min, annealing at 55  for 1 min and
extension at 72  for 1 min. The final extension period was
extended to 10 min. Reamplification was performed for 30 cycles
using primer C, JH for mbr-JH fusion gene and D, JH for mcr-JH
fusion gene. The conditions were the same as stated above.

In situ hybridization
The covers were removed and dehydrated routinely. The slides
were incubated in 40 g/L poly formeldehyde for 10 min. Forty µL
hybridization solution (probe concentration 50 pmol/L) was
added on slides overnight at 37  in a wet box. The oligonucleotide
probe was labeled with biotin. Sequences of the probes were
5’-CCCTCCTGCCCTCCTTCCG-3’ for mbr and 5’-GGACCTTC
CTTGGTGTGTTG-3’ for  mcr.
        Non-specific antigen was blocked with 20 mL/L bovine serum
and 3 g/L Triton X-100, followed by incubation with anti-biotin
antibody alkaline phosphates mixture for 1 h. Slides were then
visualized with BCIP/NBT. Purple-blue granules in nuclei were
regarded as positive.

Controls
Follicular lymphoma was used as positive control. Negative
controls included blank control with no primers, dNTP or Taq
polymerase omission in PCR reaction solution, and probe
omission in hybridization solution. To exclude false positive or
negative results, each sample was analyzed at least twice. Non-
corresponding tissues such as normal skin tissue were also
treated to exclude the false positive possibility.

Statistical analysis
Statistical significance was calculated by χ2 test, which was
used to analyze the relation between bcl-2 and bax protein
staining and positive bcl-2/JH fusion gene and histopathological
grades. P<0.05 was considered as statistically significant.

RESULTS
Expression of bcl-2 protein in CCC
Twenty-one of 29 cases expressed bcl-2 protein, induding 5 well
differentiated, 13 moderately differentiated and 3 poorly
differentiated carcinomas. There was a statistically significant
difference between moderately differentiated and poorly
differentiated carcinomas in Bcl-2 expression (P<0.05, χ2 = 5.58).
Bcl-2  was also expressed in 87.5% (14/16) in normal liver tissues
of small bile ducts (Figures 1, 3).

Detection of bcl-2/JH fusion gene in CCC
Bcl-2/JH fusion gene was not detected in any case of CCC and
normal liver tissues.

Relationship between bcl-2 protein expression and bcl-2/JH
fusion gene
No bcl-2/JH fusion gene was detected in bcl-2 protein positive
and negative groups. There was no correlation between bcl-2
protein expression and bcl-2/JH fusion gene.

Expression of bax protein in CCC
Bax was expressed in 3 (10.3%) of 29 cases , in which 1/6 was
well differentiated carcinoma, 2/14 were moderately differentiated
carcinomas and none was poorly differentiated carcinoma. There
was no statistically significant difference between bax expression

and histological grades. Four (25%) of 16 normal liver tissue
samples expressed bax protein (Figures 2, 4).

Figure 1  Primary hepatic cholangiocarcinoma. Brown-yel-
low staining in cytoplasm of carcinoma cells for bcl-2 protein
(arrowhead) Immunohistochemistry staining ×200.

Figure 2   Primary hepatic cholangiocarcinoma. Brown-yellow
staining in cytoplasm of carcinoma cells for bax protein (arrowhead)
Immunohistochemistry staining ×200.

Figure 3  Normal liver. Brown-yellow staining in cytoplasm
of small bile duct epithelial cells for bcl-2 protein (arrowhead)
Immunohistochemistry staining ×200.

Figure 4  Normal liver. Brown-yellow staining in cytoplasm
of small bile duct epithelial cells for bax protein (arrowhead)
Immunohistochemistry staining ×200.

Ratio of bcl-2 to bax in normal liver and CCC
In normal liver tissues, the expression rates of bcl-2 and bax
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were 87.5% and 25%, while positive rates of bcl-2 and bax were
72.4% and 10.3% in CCC respectively. The ratio of bcl-2 to bax
was 3.5 to 1 in normal liver tissues and 7.0 to 1 in CCC (Figure 5).

Figure 5  Non-Hodgkin‘s lymphoma. Purple-blue deposition
in nuclear of lympoma cells (positive for mbr, arrowhead). In
situ PCR ×400.

DISCUSSION
Varying results of bcl-2 protein expression in CCC were reported.
Bcl-2 protein expression in normal and pathological human liver
has been reported by Charlotte et al.[11]. In the report, Charlotte
et al. described that bcl-2 protein was expressed by small bile
duct epithelia in normal liver, but not by hepatocytes or large
bile duct epithelia. Eight of 11 CCCs were stained positively for
bcl-2, whereas all 15 hepatocellular carcinomas were bcl-2
negative. So the authors suggested that bcl-2 protein appeared
to be a diagnostic marker in distinguishing CCC from hepatocellular
carcinoma[11]. Skopelitou et al. found all ten samples of CCC
were positive for bcl-2 protein staining[12]. Ito et al. reported 31.7%
(13/41) of CCCs were positive for bcl-2 protein[13]. However,
Terada et al. showed low or negative expression of bcl-2 protein
in bile duct epithelia and CCC[14-17]. In our report, 21 of 29 CCCs
expressed bcl-2 protein (72.4%), which was similar to that
reported by Charlotte et al. Significant differences of bcl-2
expression in CCC have not been known yet, probably because
of the different methods used, and  the difference of intrahepatic
cholangiocarcinoma specimens from the liver[13,16].
       To clarify the role of bcl-2/JH in the pathogenesis of CCC,
mbr-JH and mcr-JH  which have been shown to be the important
molecular event in the genesis of follicular lymphoma, were
also studied in 29 cases of CCC. This is the first study to examine
bcl-2/JH fusion gene in CCC by in situ PCR. Mbr-JH or mcr-JH
was negative in all cases of CCC. It is suggested that bcl-2/JH
fusion gene formation was not a common event and might not
play an important role in the pathogenesis of CCC.
        In the present study, bcl-2 protein expression did not correlate
with bcl-2/JH in CCC. Similar results were also found in mucosa-
associated lymphoma, large cell lymphoma, Hodgkin’s disease
and nasopharyngeal carcinoma[20-25]. These findings suggested
that abnormal bcl-2 protein expression might not be solely
resulted from bcl-2/JH fusion sequences. Whether other types
of bcl-2 gene aberrance such as mutation or methylation
corresponding to bcl-2 protein expression are existed in CCC
requires further investigation.
       Compared to a high expression rate of bcl-2 in CCC (72.4%),
only 10.3% (3/29) samples expressed bax. To understand the
significance of the ratio of bcl-2 to bax in the regulation of
apoptosis, Oltvai et al.[18] found that over-expressed bcl-2 in
two cell lines with high levels of bax and in cells with the lowest
bcl-2 to bax ratio (0.55) was 73% viable at 24 h, but lost viability by
d 7. When cells with high bcl-2 to bax ratios (2.04 and 1.65), they
possessed viable cells over 2 wk following IL-3 deprivation.
These data suggested a model in which the ratio of bcl-2 to bax
could determine survival or death following an apoptotic stimulus.
Similar results were also found by Lilling et al. and others[26-29].

The alteration of Bcl-2 and Bax might be an important mechanism
in the pathogenesis and progression of some tumors[30-32]. Yue
et al.[30] showed that Bcl-2/Bax in acute myelogenous leukemia
was significantly higher than that in normal control (P<0.001).
Madewell et al.[31] found that the bax:bcl-2 ratio was lower in
skin tumors than that in normal skin. But a lowered bcl-2/bax
ratio and increased apoptosis were observed in oral squamous
cell carcinomas, compared with normal oral epithelium[32]. In
this study, the ratio of bcl-2 to bax (7.0 to 1) in CCC was different
from that in normal small bile ducts (3.5 to 1). We suppose that
the changes of the ratio between bcl-2 and bax protein may
influence the susceptibility of bile duct cells to apoptosis and
would be involved in the tumorigenesis of CCC. Further evidence
would be obtained from further investigations.
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Abstract

AIM: Activation of transcription factor nuclear factor-κB
(NF-κB) has been shown to play a role in cell proliferation,
apoptosis, cytokine production, and oncogenesis. The purpose
of this study was to determine whether NF-κB was constitutively
activated in human colorectal tumor tissues and, if so, to
determine the role of NF-κB in colorectal tumorigenesis, and
furthermore, to determine the association of RelA expression
with tumor cell apoptosis and the expression of Bcl-2 and
Bcl-xL.

METHODS: Paraffin sections of normal epithelial, adenomatous
and adenocarcinoma tissues were analysed immunohisto-
chemically for expression of RelA, Bcl-2 and Bcl-xL proteins.
Electrophoretic mobility shift assay (EMSA) was used to
confirm the increased nuclear translocation of RelA in colorectal
tumor tissues. The mRNA expressions of Bcl-2 and Bcl-xL
were determined by reverse transcription polymerase chain
reaction (RT-PCR) analysis. Apoptotic cells were detected
by terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate fluorescence nick end labeling (TUNEL) method.

RESULTS: The activity of NF-κB was significantly higher in
adenocarcinoma tissue in comparison with that in adenomatous
and normal epithelial tissues. The apoptotic index (AI)
significantly decreased in the transition from adenoma to
adenocarcinoma. Meanwhile, the expressions of Bcl-2 and
Bcl-xL protein and their mRNAs were significantly higher in
adenocarcinoma tissues than that in adenomatous and
normal epithelial tissues.

CONCLUSION: NF-κB may inhibit apoptosis via enhancing
the expression of the apoptosis genes Bcl-2 and Bcl-xL. And
the increased expression of RelA/nuclear factor-κB plays
an important role in the pathogenesis of colorectal carcinoma.
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INTRODUCTION
Rel/NF-κB is a family of dimeric transcription factors that control
the expression of numerous genes involved in cell growth,
differentiation, regulation of apoptosis, cytokine production,
and neoplastic transformation[1,2]. The Rel/NF-κB family
comprises NF-κB1 (p50), NF-κB2 (p52), and the Rel proteins,
RelA (p65), RelB, and c-Rel, which have a high level of sequence
homology within their NH2-terminal 300 amino acids, the Rel
homology domain[3]. The p50 and p52 can interact with the
RelA proteins to form all possible homo- and heterodimer
combinations. The most common dimer is the RelA (p65) /NF-
κB1 (p50) heterodimer, i.e., NF-κB. In most unstimulated cells,
Rel/NF-κB proteins are sequestered in the cytoplasm and are
complexed with specific inhibitor proteins called IκB that
render the Rel/NF-κB proteins inactive[3]. Stimulation of cells
leads to phosphorylation and degradation of IκB and allows
translocation of Rel/NF-κB to the nucleus, resulting in
expression of target genes[4]. A surprising variety of inducers
have been found to activate Rel/NF-κB[3]. These pathways are
involved in innate immune responses that involve cytokines
such as tumor necrosis factor (TNF) -α and IL-1, responses
to physical stresses such as UV light and ionizing radiation
(χ  and γ), and responses to oxidative stresses such as
hydrogen peroxide and butyl peroxide[5].
      Several investigators have reported constitutive activation
of NF-κB in various types of human tumor cell lines, including
those of lymphoid origin such as Hodgkin/Reed Sternberg cells[6],
T-cell lymphoma Hut 78 cells[7], and multiple myeloma cells[8].
In addition, nonlymphoid cell lines including ovarian cancer
cells[9], lung carcinoma cells[10], breast cancer cells[11], thyroid
carcinoma cells[12], melanomas[13], and bladder cancer cells[14]

exhibited enhanced NF-κB activity.
       Recent studies also indicated that NF-κB was constitutively
activated in tumors such as pancreatic cancer and breast
cancer[15,16]. However, little information is available concerning
NF-κB activation in colorectal carcinoma, which is one of the
most aggressive forms of cancer. The major objective of this
study was to determine whether NF-κB was constitutively activated
in colorectal carcinoma tissues, to examine whether the expression
of Bcl-2 and Bcl-xL was regulated by NF-κB activation, and to
evaluate the correlation between NF-κB activity and apoptosis
in colorectal carcinoma.

MATERIALS AND METHODS
Materials
Ten normal colorectal mucosa, thirty colorectal adenoma (average
age of the patients: 56.8 years), and thirty colorectal carcinoma
(average age of the patients: 58 years) patients who gave informed
consent before surgical treatment were entered into the present
study. Specimens were obtained from the Department of Pathology,
Renmin Hospital, Wuhan University (Wuhan, China). The patients
had received neither chemotherapy nor radiation therapy before
tumor resection. To justify comparisons, we excluded lesions
from patients with familial colon carcinoma syndrome and
suspected de novo cancers. Tissues were fixed with 40 g/L
formaldehyde and embedded in paraffin for H & E staining and



immunohistochemistry. Tissue specimens were snap-frozen
immediately in liquid N2 and stored at -80  for EMSA assays
and RT-PCR analysis. The study was approved by the Institutional
Board of the Ethics Committee of Wuhan University under full
consideration of the declaration on human rights of Helsinki.

Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue blocks were cut into
5 µm thick and mounted onto glass slides. After that, they were
kept in an oven at 4  overnight. Immunostaining was performed
as previously described with a slight modification[17]. Sections
were deparaffinized in xylene and rehydrated. Endogenous
peroxidase activity was blocked with 1% hydrogen peroxide
for 20 min. To improve the quality of staining, microwave
oven-based antigen retrieval was performed. Slides were
probed with either anti-RelA (1:50, mouse monoclonal, Santa
Cruz Biotechnology), anti-Bcl-2 (1:100, mouse monoclonal,
Santa Cruz Biotechnology) or anti-Bcl-xL (1:100, mouse
monoclonal, Santa Cruz Biotechnology). Sections were washed
three times with PBS for 10 min each and incubated with
biotin-labeled anti-mouse IgG for 1 h at room temperature.
After three washes with PBS for 10 min each, sections were
stained with a streptavidin-peroxidase detection system.
Incubation with PBS instead of the primary antibody served
as a negative control. In specimens containing positive cells,
the positive cells were counted in ten randomly selected
fields under high power microscope (200-fold or 400-fold
magnification) for each sample, and the average was expressed
as the density of positive cells.

Determination of apoptosis
The TUNEL assay, originally described by Gavrieli et al.[18],
was used with minor modifications. Briefly, tissue sections of
5 µm were mounted onto glass slides, deparaffinized, hydrated,
and treated for 15-30 min at 37  with proteinase-K (Roche
Co.; 20 µg/mL in 10 mmol/L Tris-HCl buffer, pH 7.4). Slides were
rinsed twice with PBS. Then, 50 µL of TUNEL reaction mixture
(450 µL nucleotide mixture containing fluoresceinated dUTP in
reaction buffer plus 50 µL enzyme TdT from calf thymus, Roche
Co.) were added to the samples. To ensure homogeneous
distribution of the TUNEL reaction mixture on tissue sections
and to avoid evaporative loss, slides were covered with coverslips
during incubation. Slides were incubated in a humidified
chamber for 60 min at 37 . After rinsed, slides were incubated
with anti-fluorescein antibody, with Fab fragment from sheep,
conjugated with horse-radish peroxidase for 30 min at 37 .
Slides were rinsed twice with PBS. Then, 50-100 µL of DAB
substrate was added and incubated for 10 min at room temperature.
Samples can be counterstained prior to analysis by light
microscope. Positive signals were defined as presence of a
distinct brown color nuclear staining of the neoplastic cells or
morphologically defined apoptotic bodies. The apoptotic index
(AI) was determined by counting a total of at least 1 000
neoplastic nuclei in 10 randomly chosen fields at 400-fold
magnification. Apoptotic cells were identified using a TUNEL
assay in conjunction with characteristic morphological changes
such as cell shrinkage, membrane blebbing, and chromatin
condensation, to distinguish apoptotic cells and apoptotic
bodies from necrotic cells.

EMSA
Nuclear extracts were harvested according to protocols described
previously.[19] In brief, fresh samples were minced and
homogenized in 400 µL of hypotonic lysis buffer A (10 mmol/L
HEPES pH 7.9, 10 mmol/L  KCl, 0.1 mmol/L EDTA, 0.1 mmol/L
EGTA,1 mmol/L DTT, and 1 mmol/L PMSF). Homogenized
tissues were incubated on ice for 5 min, NP-40 was added to a

final concentration of 5 g/L, and samples were vigorously mixed
and centrifuged. The cytoplasmic proteins were removed and
the pellet nuclei were resuspended in 50 µL buffer C (20 mmol/L
HEPES pH 7.9, 0.4 mol/L  NaCl, 1 mmol/L EDTA, 1 mmol/L
EGTA, 1 mmol/L DTT, and 1 mmol/L  PMSF). After 30 min
agitation at 4 , the samples were centrifuged and supernatants,
containing nuclear proteins, were transferred to a fresh vial.
The protein concentrations of nuclear extracts were determined
by Bio-Rad protein assay. The nuclear extracts were stored at -
80  until use. Nuclear protein extracts of carcinomas, adenomas,
and normal tissues were analyzed by EMSA for NF-κB nuclear
translocation as previously described[20-22]. EMSA binding
reaction mixture contained 8 µg protein of nuclear extracts, 2 µg
of poly (deoxyinosinic- deoxycytidylic acid) (Sigma Co.), and
[32P]-labeled double-stranded oligonucleotide containing the
binding motif of NF-κB probe (4 000 cpm) in binding buffer
(10 mmol/L HEPES pH 7.9, 50 mmol/L NaCl, 1 mmol/L  EDTA,
1 mmol/L DTT, 100 mL/L glycerol, and 0.2 g/L albumin). The
sequence of the double-stranded oligomer used for EMSA was
5’-AGTTGAGGGGACTTTCCCAGGC-3’. The reaction was
incubated for 30 min at room temperature before separation on
a 50 g/L acrylamide gel, followed by autoradiography. For
supershift experiments, 2 µg of mouse monoclonal antibodies
against the p65 subunit (Santa Cruz Biotechnology) of NF-κB
was incubated with the nuclear extracts 10 min before the addition
of the [32P]-labeled probe and then analyzed as described.

RT-PCR
The mRNA expressions of Bcl-2 and Bcl-xL were assessed using
RT-PCR standardized by coamplifying housekeeping gene β-actin,
which served as an internal control. Total RNA was isolated
from the normal epithelial, adenomatous and adenocarcinoma
tissues by the single-step method[23]. Total RNA was reversely
transcribed into cDNA and used for PCR with human specific
primers for Bcl-2, Bcl-xL and β-actin. Sequences of Bcl-2 primers
were 5’-CAGCTGCACCTGACGCCCTT -3’ (forward primer) and
5’-GCCTCCGTTATCCTGGATCC-3’ (reverse primer), generating
a 199 bp PCR product; for Bcl-xL , the forward primer was 5’-
AAGGATACAGCTGGAGTCAG-3’ and the reverse primer was
5’-ATCAATGGCAACCCATCCTG-3’, generating a 316 bp PCR
product; for β-actin, the forward primer was 5’-AGCGGGAAAT
CGTGCGTGAC-3’ and the reverse primer was 5’-ACTCCTGCT
TGCTGATCCACATC-3’, producing a 471 bp PCR product[24,25].
Briefly, the PCR was amplified by 32 repeat denaturation cycles
at 95  for 30 s, annealing at 60  for 30 s, and extension at 72 
for 30 s. During the first cycle, the denaturation was extended
to 2 min, and in the final cycle the extension step was extended
to 5 min. PCR products were separated on  15 g/L agarose gels
containing 0.5 g/L of ethidium bromide and visualized by UV
transillumination.

Statistical analysis
All statistical analyses were performed with SPSS10.0 statistical
package for Microsoft Windows. Student’s t test and one-way
analysis of variance (ANOVA) were used to compare continuous
variables among groups. Correlation coefficients between
continuous variables were calculated by the method of Pearson’s
correlation coefficient. The χ2 test was used to compare binomial
proportions. A P value of <0.05 was considered significant.

RESULTS
RelA/NF-κκκκκB expression in colorectal carcinoma tissues
To investigate whether RelA/NF-κB-DNA binding activities
were altered in human colorectal carcinoma tissues, we first
carried out immunohistochemical analyses. The monoclonal
antibodies used in this study detected only activated RelA
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proteins[17]. RelA staining was shown as brown color and
detected in normal colorectal mucosa, colorectal adenoma and
colorectal adenocarcinoma specimens. In colorectal adenoma
and adenocarcinoma, positive staining of RelA was mainly
observed in the cytoplasm, and nuclear staining for RelA was also
detected (Figure 1). Tissues of colorectal adenocarcinoma showed
more cells with nuclear staining for RelA than those in colorectal
adenoma tissues. No nuclear staining for RelA was found in normal
colorectal mucosa. As shown in Table 1, the density of RelA-
positive cells was significantly increased (P<0.01) in the transition
from normal mucosa to adenoma and adenocarcinoma.

EMSA
To confirm the finding that RelA/NF-κB-DNA binding activities
were activated in human colorectal carcinoma tissues, we carried
out EMSA analyses. Figure 2 shows increased NF-κB DNA
binding activity in adenocarcinoma tissues compared with that
in adenoma and normal tissues. HPIAS-1000 SOFTWARE
ANALYSIS took the image of electrophoresis. The absorbance
of EMSA brands showed that the RelA/NF-κB complexes were
not presented in normal colorectal epithelium, 0.6587±0.0021 in
adenocarcinoma, and 0.2153±0.0013 in adenoma. The RelA
expressions were significantly increased (P<0.05) in the transition
from normal colorectal epithelium to colon tumor tissues. To
confirm the specificity of NF-κB DNA binding, we performed
supershift analysis with antibodies specific for RelA (p65)
and a competitive study with a 50-fold excess of unlabeled
oligonucleotide. An antibody specific for RelA which recognizes
RelA/NF-κB heterodimer, unlabeled oligonucleotide diminished
the intensity of RelA/NF-κB complexes, indicating that complex
was the NF-κB binding-specific band. Our results showed that
RelA was frequently activated in human colorectal tumor tissues
but not in normal colon tissue.

Figure 2  Electrophoretic mobility shift assay demonstrating
increased nuclear translocation and DNA binding of NF-κB.
A: lane 1, positive control (using Hela nuclear extract); lane 2,
normal; lanes 3-6, adenocarcinoma; lanes 7-10, adenoma. B:
lane 1, positive control (using Hela nuclear extract); lanes 2-3,
specific competitor (using excess of unlabeled oligonucleotide);

lanes 4-5, adenoma; lanes 6-7, adenocarcinoma; lane 4 and 6,
supershift (addition of p65 antibodies to the nuclear extracts).

Bcl-2 and Bcl-xL protein expression in colorectal carcinoma
tissues
In the present study, the expressions of Bcl-2 and Bcl-xL were
also investigated using immunohistochemistry. Immunostaining
specific for Bcl-2 and Bcl-xL was cytoplasmic and shown as
brown color (Figures 3, 4). The expressions of Bcl-2 and Bcl-xL

were significantly increased (P<0.01) from normal mucosa to
tumor tissue (Table 1). Expressions of Bcl-2 and Bcl-xL were
both significantly associated (r = 0.95,0.88; P<0.05) with RelA
expression in adenoma and adenocarcinoma.

Table 1  Changes in expression of RelA, Bcl-2, Bcl-xL and AI in
transition from normal mucosa to tumor tissues

Group      n RelA       Bcl-2 Bcl-xL               AI

Normal   10   9.31±0.56 15.62±0.75 11.35±0.71   13.09±0.78
Adenoma   30 54.01±4.53 55.64±6.51 56.43±6.14 105.91±6.11

Adenocarcinoma 30  70.92±7.23 78.23±8.33  77.32±6.51   31.53±3.71

Figure 3  Immunohistochemical staining of Bcl-2 in tissue
sections of colorectal adenoma (A) and adenocarcinoma
(B). Bcl-2 expression is restricted to the cytoplasm of cancer
cells. ×200.
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Figure 1  Immunohistochemical staining of RelA in tissue sections of colorectal adenoma (A) and adenocarcinoma (B, C). RelA
protein is mainly expressed in the cytoplasm of tumor cells and nuclear accumulation of RelA is also detected. ×200.
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Figure 4  Immunohistochemical staining of Bcl-xL in tissue sections of colorectal adenoma (A) and adenocarcinoma (B). Bcl-xL

expression is restricted to the cytoplasm of cancer cells.×200.

Figure 5  The mRNA expressions of Bcl-2 and Bcl-xL were assessed using RT-PCR standardized by coamplifying the housekeep-
ing gene β-actin. A: the mRNA expression of Bcl-2. lanes 1-3, adenocarcinoma; lanes 4-6, adenoma; lane 7, normal; lane 8, marker.
B: the mRNA expression of Bcl-2. lane 1, marker; lane 2, normal; lanes 3-5, adenoma; lanes 6-8, adenocarcinoma.

Figure 6  TUNEL staining in tissue sections of colorectal adenoma (A) and adenocarcinoma (B). TUNEL staining is restricted to
the nucleus of apoptotic cells.×200.

Bcl-2 and Bcl-xL mRNA expression in colorectal carcinoma tissues
RT-PCR analysis of mRNA expressions of Bcl-2 and Bcl-xL was
standardized by co-amplifying these genes with the housekeeping
gene β-actin. HPIAS-1000 SOFTWARE ANALYSIS took the
image of electrophoresis with β-action as internal standard. The
relative absorbance of mRNA expression for Bcl-2: 2.43±0.27%
in normal tissues, 17.96±1.51% in adenoma, and 36.71±2.17% in
adenocarcinoma; for Bcl-xL: 3.54±0.33% in normal tissues,
23.02±2.11% in adenoma, and 39.71±2.49% in adenocarcinoma
(Figure 5). Our results showed that colon tumor tissue constitutively
expressed Bcl-2 and Bcl-xL. The mRNA expressions of Bcl-2 and
Bcl-xL were significantly increased (P<0.05) in the transition
from normal colorectal epithelium to colon tumor tissue.

Cell apoptosis
In this study, TUNEL staining was restricted to the nucleus of
apoptotic cells. TUNEL-positive staining cells were detected
in normal colorectal mucosa, adenoma, and adenocarcinoma.
The AI was significantly increased (P<0.01) in the transition

from normal colorectal mucosa to adenoma, but decreased from
adenoma to adenocarcinoma (Figure 6). There was no
association between the AI and the histological classification
of adenoma and adenocarcinoma. The density of RelA-positive
cells inversely correlated with the AI in the transition from
adenoma to adenocarcinoma (r = -0.89; P<0.001).

DISCUSSION
We have demonstrated that RelA-DNA binding activity was
constitutively activated in the majority of human colorectal
carcinomas. Whereas the role for RelA/NF-κB in tumorigenesis
has not firmly established, recent work has suggested that it
may play a role in this process. RelA/NF-κB activation has
been shown to be necessary for tumor formation in Hodgkin
lymphoma cells[26,27]. More recently, the inhibition of RelA/NF-
κB activity through the use of specific NF-κB inhibitors (gliotoxin
and MG132) resulted in spontaneous caspase-independent
apoptosis in Hodgkin and Reed-Sternberg cells[28]. Also, an
increase in RelA/NF-κB levels was identified in breast cancer
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cell lines, primary human breast cancer, hepatocellular carcinoma,
pancreatic adenocarcinoma, and gastric carcinoma when
compared with nontransformed controls or normal tissues[29-32].
In addition, NF-κB transcriptional activity was required for
oncogenic Ras-induced cellular transformation[33], which likely
occurred through the inhibition of transformation-associated
apoptosis[34]. However, the role of NF-κB in colorectal tumorigenesis
is unknown and currently under investigation.
       We primarily used immunohistochemistry to detect NF-κB
activation in human colorectal carcinoma tissues. Its expression
was significantly increased in the transition from normal
colorectal mucosa to adenoma and adenocarcinoma. In our
immunohistochemical analyses, we used monoclonal antibodies
to detect RelA/NF-κB-DNA binding activities, and their
sensitivity and specificity have been characterized previously.
They were useful in differentiating between activated and
inactivated forms of RelA and facilitated the detection of the
activated RelA proteins. In the current investigation, only 10-20%
of RelA/NF-κB protein was detectable in the nucleus, which
was consistent with previous reports[32]. And 80-90% of RelA
still remained in the cytoplasm when RelA proteins were
activated. It is unclear why the majority of RelA/ NF-κB proteins
that were freed from IκB remained in the cytoplasm. Possible
explanations for this[32] are: (1) IκB was mutated and therefore
could not bind to RelA and masked the nuclear translocation
signal in RelA; (2) mutations in RelA prohibited IκB binding to
RelA, and (3) the RelA upstream signal transduction cascades
were constitutively activated.
        The Bcl-2 proto-oncogene is an apoptosis inhibitor originally
described in association with the t (14; 18) (q32; q21) translocation
in follicular B cell lymphoma, which places the Bcl-2 gene under
the stimulatory control of the IgH promoter-enhancer at 14q32,
resulting in increased Bcl-2 mRNA and protein[35] and inhibition
of apoptosis. The Bcl-xL proto-oncogene, a member of Bcl-2
family, is a homologue of Bcl-2 and is an apoptosis inhibitor.
The Bcl-2 and Bcl-xL oncoproteins have been described in
normal colonic mucosa[35], where these were restricted to the
epithelial regenerative compartment and the intestinal crypt
bases. In our study, the expression of Bcl-2 and Bcl-xL was
increased in the transition from normal mucosa to adenoma
and adenocarcinoma. These results also show that the increased
RelA/NF-κB expression occurred concomitantly with an increased
expression of Bcl-2 and Bcl-xL. To date, a number of gene products
that inhibit apoptosis have been identified. These include Bcl-2
and Bcl-xL genes. Indeed, Bcl-2 and Bcl-xL have been identified
as NF-κB target gene[36], but the exact role NF-κB plays in its
regulation remains controversial.
      In recent years, increasing evidence indicates that activation
of NF-κB plays an important role in coordinating the control of
apoptotic cell death. NF-κB has been shown to prevent Fas-
induced death in B cells through the upregulation of Bcl-2 and
Bcl-xL expression[36], but has also been demonstrated to promote
apoptosis in thymocytes by downregulating Bcl-2 and Bcl-xL

gene expression[37]. However, the exact mechanism of NF-κB in
the regulation of apoptosis is not entirely clear. There are at least
two distinct mechanisms by which NF-κB blocks apoptosis[38]:
(1) induction of antiapoptosis factors including IEX-1L, TRAF1,
TRAF2, c-IAP-1, c-IAP-2 etc; (2) interference of apoptotic
pathway by protein-protein interaction. However, these two
distinct mechanisms are not mutually exclusive since either
mechanism alone cannot fully explain the antiapoptotic action
of NF-κB. In our study, apoptosis was significantly decreased
in the transition from adenoma to adenocarcinoma, which was
in contrast to the expressions of RelA, Bcl-2, and Bcl-xL. We
also observed an inverse relation between AI and the expression
of RelA in the transition from adenoma to adenocarcinoma,
implying that increased RelA protein expression to a certain
level might be anti-apoptotic and thus promote tumorigenic

cell behavior. The anti-apoptotic role of NF-κB has been well
characterized and various down-stream targets of NF-κB,
including Bcl-2 and Bcl-xL have been identified. In the present
study, the statistical correlation between the increased
expression of RelA, elevated Bcl-2 and Bcl-xL expression implies
that in colorectal tissue, activation of RelA might exhibit anti-
apoptotic effects at least in part through upregulation of Bcl-2
and Bcl-xL expression. This has been shown to decrease
mitochondrial permeability changes and cytochrome C release
and thus to block apoptosis[39].
       To date, NF-κB has been believed to play an important role
in coordinating the control of apoptotic cell death. However,
the mechanism by which NF-κB blocks apoptosis is still
controversial. Some laboratories have reported that activation
of NF-κB is able to either promote or prevent apoptosis, depending
on different stimuli and different cell types[40-42]. For example,
Grimm et al.[43] reported that serum starvation activated NF-κB
and induced human embryonic kidney cells into apoptosis.
Qin et al.[44] found that NF-κB activation contributed to the
excitotoxin-induced death of striatal neurons. However,
somewhat inconsistent results have also been presented by
Beg and Baltimore[45] that NF-κB activation generally inhibited
apoptosis in embryonic fibroblasts. A question arises: who is
right on earth? We think the answer is expected by further studies.
      In conclusion, our results demonstrate that the RelA/NF-
κB pathway is activated constitutively in colorectal carcinoma
tissues, suggesting that activation of RelA/NF-κB might play
an important role in colorectal tumorigenesis. Further studies
are required to elucidate the mechanisms of NF-κB activation
and to determine whether NF-κB might serve as a therapeutic
target in the anti-neoplastic treatment of colorectal cancer.
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Abstract

AIM: To investigate the expression of vascular endothelial
growth factor-C (VEGF-C) and the relationship between VEGF-
C and lymphangiogenesis, lymph node metastasis in colorectal
cancer.

METHODS: Fifty six cases of colorectal cancer were selected
randomly. Expression of VEGF-C was detected by immuno-
histochemistry, and lymphatic vessels were stained by enzyme
histochemical method.

RESULTS: VEGF-C expression was found in 66.7% (37/56)
patients. In VEGF-C positive and negative patients, the
lymphatic vessel density was 25.16±7.52 and 17.14±7.22,
respectively (P<0.05). The rate of lymph node metastasis
in VEGF-C positive patients (81.1%) was significantly higher
than that in the negative group (42.1%).

CONCLUSION: VEGF-C expression may induce lymphangi-
ogenesis in colorectal cancer, as a result, tumor cells can
entry the lymphatic vessels easily. VEGF-C may serve as a
useful prognotic factor in colorectal carcinoma.

Jia YT,  Li ZX, He YT, Liang W, Yang HC, Ma HJ. Expression
of vascular endothelial growth factor-C and the relationship
between lymphangiogenesis and lymphatic metastasis in
colorectal cancer. World J Gastroenterol  2004; 10(22):
3261-3263
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INTRODUCTION
Colorectal cancer is a common cause of death throughout the
world including China. The lymphatic system is the primary
pathway of metastasis for gastrointestinal tract malignancies,
and the extent of lymph node involvement is a key prognostic
factor for the outcome of  patients. However, the mechanism of
lymphatic metastasis  remains unclear.
      Lymphangiogenesis, the development of new lymph vessels,
is a relatively new area of clinical investigations. Recently,
vascular endothelial growth factor C (VEGF-C) has been
identified as a new member of the VEGF family[1,2], and is belived

to be the only lymphangiogenic factor in the VEGF family. It
activates both vascular endothelial growth factor receptor 2
(VEGFR-2) and VEGFR-3[3,4]. VEGF-C induces the proliferation
of lymphatic vessels in the stroma of gastric carcinoma by
activating VEGFR-3 in lymphatic endothelial cells[5]. But the
precise  role of VEGF-C in colorectal cancer has not been clearly
understood. Therefore, in the current study, we used an enzyme-
histochemical method for 5’-nucleotidase (5’-Nase) to distinguish
lymph vessels in colorectal carcinoma, and immunohistochemistry
to examine the correlation between the expression of VEGF-C,
lymphangiogenesis and the clinicopathologic features.

MATERIALS AND METHODS
Patients
Fifty-six Chinese colorectal carcinoma patients were surgically
treated in the Department of Surgery, the Forth Hospital of
Hebei Medical University, China from 2001 to 2002. The patients
included 34 males and 22 females, and ranged in age from 33 to
75 years (average age 58.5 years). The lesions included 13 colon
cancers and 43 rectal cancers, two patients with stage I, 17
patients with stage II, 34 patients with stage III and three
patients with  stage IV.

Immunohistochemistry
Immunohistochemical staining for VEGF-C was performed using
the streptavidin-peroxidase technique. Formalin fixed and
paraffin embeded tissues were cut into 4 µm thick sections and
placed on saline coated slides. After deparaffinization in xylene
and rehydration, endogeneous peroxidase activity was blocked
after  incubated  with 30 mL/L hydrogen peroxidase for 20 min.
Tissue sections were then autoclaved at 121  in 10 mmol/L
citrate buffer (pH 6.0) for 10 min for antigen retrieval and cooled
at room temperature for 30 min, them incubated for 3 h with a
1:40 dilution of anti-VEGF-C rabbit polyclonal antibody (Santa
Cruz Biotech, USA). Bound peroxidase was visualized using a
solution of diaminobezidine as chromogen, and nuclei were
counterstained with hematoxylin. Scoring was carried out by
two independent observers who were blinded to the patient’s
status. Positive staining was defined as the presence of VEGF-
C immunoreactivity in at least 10% of tumor cells.

Enzyme-histochemistry
Cryosections (7 µm thick) of tissue were processed for 5’-
nucleotide-alkaline phosphatase (5’-Nase-ALPase) double staining
according to Ji et al.’s report[6]. After rinsed in 0.1 mol/L cacodylate
buffer (pH 7.2), specimens were incubated in the reaction medium
for 5’-Nase for 50 min at 37 with 5’-adenosine monophosphate
(AMP) (Sigma chemical, St. Louis, MO, USA ) as a substrate,
lead nitrate (Sigma, USA) as a capture agent, and 2 mmol/L L-
tetramisole (Sigma, USA) as an inhibitor of nonspecific alkaline
phosphatase. After washed with distilled water, the tissues were
treated with 10 mg/L ammonium sulfide solution for 1 min at
room temperature. Then, the sections were incubated in the reaction
medium for ALPase for 30 min at 4  with fast blue BB, N,N-
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dimethylformamide, naphtol AS-MX phosphate (Sigma, USA).

Lymphatic vessel density (LVD) counting
The stained sections were screened at ×40 magnification to
identify the regions of the highest vascular density within the
tumor. Lymphatic vessels were counted in 3 regions of the  highest
vascular density at ×100 magification. The number of lymphatic
vessels was the mean of vessels in these areas.

Statistical analysis
The data were analysed by t test and χ2 test. All reported P
values  were two-sided, and P <0.05 was considered statistically
significant.

RESULTS
Immunohistochemistry
In specimens of normal colorectal mucosa, no VEGF-C protein
was stained. Among the 56 examined tumors, 37 (66.7%) showed
VEGF-C protein expression in the cytoplasm (Figure 1).

Figure 1  VEGF-C in cytoplasm of colorectal adenocarcinoma
(SP ×200).

Enzyme-histochemistry
Lymphatic vessels were 5’-Nase positive (brown) and blood
vessels were ALPase positive (blue). The most lymphatic
vessels were enlarged and dilated especially in peritumor areas.
The walls of lymphatic vessels were thinner than that of blood vessels,
and their profiles of lumens were more irregular. While the
intratumoral lymphtic vessels were strip-like (Figure 2). The LVD
of VEGF-C positive tumors (25.16±7.52) was significantly higher
than that of  VEGF-C negative tumors (17.14±7.22) (P = 0.04).
No significant lymphangiogenesis was observed in normal and
adenoma tissues.

Figure 2  Positive 5’-Nase (brown) and ALPase (blue) in lym-
phatic and blood vessels (×100).

Correlation between VEGF-C and clinicopathologic factors
VEGF-C expression was observed frequently in patients with
colorectal carcinoma. A positive association between VEGF-C
expression and lymphatic metastasis was observed (P<0.05,
Table 1). However, no significant correlations with gender,

histologic differentiation, invasive depth, TNM stage were observed.

Table 1  Relationship between expression of VEGF-C and
clinicopathologic features in colorectal carcinoma

   VEGF-C
Characteristic                 n            P

            (+)            (–)

Male 34 25        9
Gender       0.143

Female 22 12     10
Lymph node

  ( + ) 37 30        8
metastasis       0.007

  ( – )    9   8     11
Well 40 25     15

Differentiation       0.372
Poorly 16 12        4
Muscularis 17         10        7

Invasion depth       0.499
Adventitia 39 27     12
      I-II 19         13        6

Stage       0.790
    III-IV 37 24     13

DISCUSSION
Clinical and pathological data pointed to the metastasis of solid
tumors via the lymphatics as an important early event in metastatic
diseases[7]. However, little has been achieved in lymphangiogenesis
and the role of lymphangiogenesis in promoting the metastasis
of tumor cells via the lymphatic vessels. This might, in part, be
due to difficulty in studing lymphatic vessels because of their
morphology and lack of lymphatic-specific markers[6,7].
Approximatly 10 years ago, Kato et al.[8] developed an enzyme-
histochemical method for 5’-Nase-ALPase to distinguish
lymphatic vessels from blood vessels. Many other markers
such as LYVE1 and podoplanin were found later[9,10]. Now,
lymphangiogenesis or new lymphatic vessel growth has become
an exciting area of reaserch in cancer biology[11]. So far, the
occurrence and involvment of lymphangiogenesis have been
demonstrated in some experimental mouse tumors , human head
and neck cancers, oral squamous cell cancer by using these
markers[12-16]. Similarly, in our study, lymphangiogenesis was
observed in primary colorectal carcinomas, and the vicinity of
tumor was the dominant region. Most of lymphatic vessels were
dilated, as a result, tumor cells could invade the lymphatics
easily. On the other hand, most of the intratumor lymphatic
capillaries were strip-like. It is believed that tumor cells could
utilize peritumoral lymphatics to spread, while intratumoral
lymphatics should be regarded as an additional pathway rather
than a necessity for metastasis[17].
       Vascular endothelial growth factor-C (VEGF-C) is the first
lymphangiogenic factor identified. Moreover, there is ample
evidence for  the expression of VEGF-C in human tumors. But
the precise role of VEGF-C in colorectal cancer is less well
understood. With respect to VEGF-C expression, several authors
have demonstrated associations between this growth factor
expression and poor clinicopathological outcome[18-25]. Immuno-
histochemical detection of VEGF-C expression at the deepest
invasive site of colorectal carcinoma was found in about 50%
advanced tumors. Furudoi et al.[26] suggested that the expression
of VEGF-C was correlated with lymphatic and venous invasion,
lymph node status, Dukes stage, liver metastasis, depth of invasion,
poorer histological grade and microvessel density.
        It is widely known that VEGF-C can bind to both VEGFR-2



and VEGFR-3. Activation of VEGFR-2 results in the mitogenesis
of  vascular endothelial cells. In contrast, VEGFR-3 activation
by VEGF-C is considered to induce proliferation of lymphatic
endothelial cells. Thus, angiogenic versus lymphangiogenic
responses to VEGF-C have been found to depend on the
expression of its receptors in blood versus lymphatic endothelial
cells of the target tissue[27]. In addition, the activation of lymphatics
by VEGF-C is considered to induce secretion of chemokines
and similar factors by the lymphatic endothelium, thus attracting
tumor cells and facilitating their entry into lymphatics[28].
Besides VEGF-C, another new member of VEGF family, VEGF-D,
could also stimulate lymphangiogenesis by activating VEGFR-3
in human tumors[29-32]. But the relationship between VEGF-C
and VEGF-D expressions, as well as the role of VEGF-D in
human tumors is still unclear.
     In summary, our findings demonstrate a causal role of
lymphangiogenesis in tumor metastasis, suggesting VEGF-C
expression is related to the high incidence of metastasis in
colorectal carcinoma. However, the mechanism of lymphangiogenesis
is extremely complex, which is a subject of ongoing investigation.
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Abstract

AIM: To determine the genotypes and phylogeny of hepatitis
B viruses (HBVs) in asymptomatic HBV carriers, and the
prevalence of occult HBV infection in Long An County, Guangxi
Zhuang Autonomous Region, an area with a high incidence
of hepatocellular carcinoma.

METHODS: A nested polymerase chain reaction (nPCR)
was used for detection of HBV DNA in serum samples from
36 blood donors with asympmatic HBV infection, and in
serum samples from 52 HBsAg negative family members
of the children who did not receive hepatitis B vaccination
in Long An County. PCR products were sequenced, and
the genotype of each HBV sequence was determined by
comparison with sequences of known genotypes in the
GenBank and EMBL nucleotide databases using the BLAST
programme. Phylogenetic trees were constructed by the
quartet maximum likelihood analysis using the TreePuzzle
software.

RESULTS: Twenty (55.56%) of 36 HBV asymptomatic
carriers were positive for HBV DNA. They were all genotype
C by comparison with sequences of known genotypes in
the GenBank and EMBL nucleotide databases. The full-length
HBV DNA sequence isolated from the sample No. 624
contained 3 215 bases. No interesting mutations were
found in this isolate. The homology analysis showed that
this strain was closer to the Vietnamese HBV genotype C
strain, with a homology of 97%, compared its relation to
the same genotype of HBV isolated in Shanghai. Six (11.5%)
of the 52 HBsAg negative family members were positive
for HBV DNA. A point mutation was found in the sample
No. 37, resulting in the substitution of amino acid glycine
to arginine in the “a” determinant. Other samples with
positive HBV DNA did not have any unusual amino acid
substitutions in or around the “a” determinant, and were
attributed to the wild-type HBV.

CONCLUSION: The HBVs isolated from asymptomatic

carriers of Long An County were all identified as genotype
C, and the prevalence of occult HBV infection in the
population of the county is as high as 11.5%. It is suggested
that genotype C and persistent occult HBV infection may
play an important role in the development of HCC in the
county.

Fang ZL, Zhuang H, Wang XY, Ge XM, Harrison TJ. Hepatitis
B virus genotypes, phylogeny and occult infection in a region
with a high incidence of hepatocellular carcinoma in China.
World J Gastroenterol  2004; 10(22): 3264-3268
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INTRODUCTION
Infection with hepatitis B virus (HBV) may lead to a wide
spectrum of liver diseases ranging from mild, self-limited to
fulminant hepatitis in acute infection, and from an asymptomatic
carrier state to severe chronic hepatitis, cirrhosis, and hepatocellular
carcinoma (HCC) in chronic infection. Human HBV, a prototype
member of the family hepadnaviridae, is a circular, partially
double-stranded DNA virus of approximately 3200 nt[1].
Traditionally, HBV was classified into 4 subtypes or serotypes
(adr, adw, ayr, and ayw) based on antigenic determinants of
hepatitis B surface antigen (HBsAg)[2]. Epidemiological studies
found that the prevalence of these serotypes varied in different
parts of the world. In addition, antibody to the common
determinant “a” confers protection against all serotypes.
Advances in molecular biology techniques revealed significant
diversities in sequences of HBV isolates, accounting for allelic
differences among the 4 major HBV serotypes. Based on an
intergroup divergence of 8% or more in the complete nucleotide
sequence, HBV has been classified into eight genotypes,
designated as A to H[3-5]. Recent reports suggested that
infections with HBV genotype C were associated with more
severe liver diseases, including HCC, than infections with
genotype B[6-8]. However,  HBV genotype B was suggested to
be associated with the development of HCC in Taiwanese below
the age of 50 years[9].
      Occult HBV infection is characterized by the presence of
HBV infection with undetectable HBsAg. Undoubtedly, carriers
of occult HBV may transmit the virus through blood transfusion
or organ transplantation. Epidemiological and molecular studies
performed since the 1980s indicate that persistent HBV infection
might play a critical role in the development of HCC and in
HBsAg-negative patients[10,11].
      The incidence rate of HCC in Long An County, southern
Guangxi, China, is about 49.9/100 000, the highest in the world,
and over 90% of HCC cases in the county are individuals with
positive HBsAg in serum[12,13]. In this study, HBV preC and
basic core promoter from 36 HBV asymptomatic carriers in Long
An County were amplified and sequenced. The whole genome
of a strain from one of the carriers, and genotypes and phylogeny
of all the isolates were also analyzed to clarify the difference
among HBV strains from different areas. In addition, 52 serum
samples from family members of children without hepatitis B
vaccination, with negative HBsAg, from the county were



detected for HBV DNA to determine the prevalence of occult
HBV infection in the population.

MATERIALS AND METHODS
Serum samples
A total of 36 sera were obtained from asymptomatic blood
donors who were infected persistently with HBV in Long An
County, southern Guangxi, China. Another 52 serum samples
were collected from family members of children failed to  have
hepatitis B vaccination from the county. Sera were tested for
HBsAg, anti-HBc, anti-HBs, HBeAg, and anti-HBe using HBV
Marker ELISA kits (produced by Xiamen Xinchuang Scientific
Technology Company, Limited, Fujian, China) (Tables 1, 2).

Table 1  Serological markers of 20 asymptomatic carriers with
positive HBV DNA

No.  Age (yr)   Sex           HBsAg       Anti-HBs      Anti-HBc         HBeAg       Anti-HBe

601   18     Male        + -      +            + -

602   18     Male        + -      +            + -

603   28     Female    + -      +            + -

604   20     Male        + -      +            + -

605   27     Male        + -      +            + -

606   18     Male        + -      +            + -

607   31     Female    + -      +            + -

609   22     Female    + -      +            + -

610   19     Male        + -      +            + -

615   38     Male        + -      +            + -

618   22     Male        + -      +            - -

619   20     Male        + -      +            + -

621   24     Male        + -      +            + -

622   28     Male        + -      +            + -

623   30     Male        + -      +            + -

624   25     Male        + -      +            + -

629   28     Female    + -      +            + -

630   28     Female    + -      +            + -

633   18     Male        + -      +            + -

634   19     Male        + -      +            + -

Table 2  Serological markers of HBsAg-negative asymptom-
atic carriers with positive HBV DNA

Sample No. HBsAg Anti-HBs Anti-HBs  HBeAg Anti-HBe Anti-HBc
    Titre (mIU/mL)

  1 - +     5.1           -              + +

14 - + 108.0           -              + -

16 - +   18.2           -              + +

23 - +   13.9           -              - -

25 - -      -           -              + +

37 - -      -           -              - +

PCR amplification and sequence analysis
DNA was extracted from 85 µL serum by phenol/chloroform
extraction following digestion by pronase. For preC and basic
core promoter amplification: the first round of PCR 35 cycles
was carried out using primers B935 (nt 1240-1260, 5’
GCGCTGCAG AAGGTTTGTGGCTCCTCTG-3’) and MDC1
(nt 2 304-2 324, 5’-TTGATAAGA TAGGGGCATTTG-3’). For
each cycle, the samples was amplified at 94  for 30 s, at 50 
for 30 s, and at 72  for 90 s in a 50 µL reaction. The second

round of 30 PCR cycles was carried out on 5 µL of the first
round product using primers CPRF1 (nt 1 678-1 695, 5’-
CAATGTCAACGACCG ACC-3’) and CPRR1 (nt 1 928-1 948,
5’-GAGTAACTCCACAG TAGCTCC-3’) and the same reaction
conditions of the first round.
      For the surface gene amplification: the first round of 35
ycles PCR was carried out using primers MD14(5’-GCGCT
GCAGCTATGCCTCATCTTC-3’, nt 418-433) and HCO2 (5’-
GCGAAGCTTGCTGTACAGACTTGG-3’, nt 761-776). For each
cycle,the samples was amplified at 94  for s, at 45  for 45 s,
and at 72  for 2 min in a 50 µL reaction. The second round of
30 PCR cycles was carried out on 5 µL of the first round product
using primers ME15 (5’-GCGCTGCAGCAAGGTATGTTG
CCCG-3’, nt 455-470) and HDO3 (5’-GCGAAGCTTCATCAT
CCATATAGC-3’, nt 734-748) and the same reaction conditions
of the first round. PCR products from the second round were
confirmed by 15 g/L agarose gels electrophoresis and then
purified using the Wizard (PCR Preps DNA purification system
(Promega, Madison, WI) according to the manufacturer’s
instructions. Cycle sequencing was carried out directly on 2
mL purified DNA using primers CPRF1 and 33P-dATP by the
thermo sequenase radiolabeled terminator cycle sequencing
kit (USB Corporation, Cleveland, OH) according to the
manufacturer’s instructions.
       Sample NO. 624 was selected for whole genome sequencing.
Its DNA was extracted from 170 µL serum by phenol/chloroform
extraction following digestion by pronase. The whole HBV
genome was amplified in three fragments. Primers for fragment
1 for the first and second round PCR were LSOB1, BPOLEO1
and LSBI1, and POLSEQ2. Primers for fragment 2 for the first
and second round PCR were MDN5, BPOLEO1, BPOLBO2 and
PSISEQ2. Primers for fragment 3 for the first and second round
PCR were POLSEQ1, MDD2, POLSEQ6 and MDC1. The
conditions of 30 PCR cycles were at 94  for 30 s, at 50  for
30 s, and at 72  for 90 s in a 50 µL reaction. PCR products from
the second round PCR for each fragment were cloned into the
vector pCR2.1 (Invitrogen, Leek, The Netherlands) and mini
preparations of DNA made from 1.5 mL of 15 mL cultures of
individual colonies by phenol extraction and ethanol precipitation
of the cell pellet. Plasmids with inserts were identified by
digestion with EcoRI and remainder of the cultures used for
extraction of DNA using a QIAprep spin kit (Qiagen, Crawley,
UK). The purified DNA was sequenced as above. Sequencing
primers for fragment 1 were LSB1, PSISEQ2, ds 2, ds, ADELN,
MD14, ADELP, POLSEQ8, POLSEQ9, POLSEQ6, POLSEQ2.
Primers for fragment 2 were BPOLBO2, POLSEQ4, LSOB1,
POLSEQ5 and PSISEQ2. Primers for fragment 3 were POLSEQ6,
B935, BPOLEO1, MDN5, B936 and MDC1 (Tables 3, 4).

Table 3  PCR Primers

Primers                  Sequence              Position (nt)

LSOB1       5’-GGCATTATTTGCATACCCTTTGG-3’   2739-2762

BPOLEO1  5’-CTGAGAGTCCAAGAGTCCTCT-3’   1657-1677

LSBI1       5’-TTGTGGGTCACCATATTCTT-3’   2809-2829

POLSEQ2  5’-AGCAAACACTTGGCATAGGC-3’   1168-1188

MDN5       5’-AGGAGGCTGTAGGCATAAAT-3’   1774-1794

BPOLEO1  5’-CTGAGAGTCCAAGAGTCCTCT-3’   1657-1677

BPOLBO2  5’-TCTTGTCTTACTTTTGGAAGA-3’   2216-2236

PSISEQ2    5’-GCTGTTCCGGAATTGGAGCC-3’       65-84

POLSEQ1  5’-ACCAAGCGTTGGGGCTACTC-3’     847-866

MDD2      5’-GAAGAATAAAGCCCAGTAAA-3’   2481-2500

POLSEQ6 5’-TTTCACTTTCTCGCCAACTTA-3’   1089-1109

MDC1      5’-TTGATAAGATAGGGGCATTTG-3’   2304-2324
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Table 4  Sequencing primers

Primers Sequence Position (nt)

LSB1       5’-TTGTGGGTCACCATATTCTT-3’    2809-2829

PSISEQ2    5’-GCTGTTCCGGAATTGGAGCC-3’        65-84

ds2           5’-AGTCCGGTACGTCACCTTG-3’    3198-1

ds           5’-TACCGAAAATGGAGAACACA-3’      147-166

ADELN     5’-TAGTCCAGAAGAACCAACAAG-3’      432-453

MD14       5’-GCGCTGCAGCTATGCCTCATCTTC-3’     418-433

ADELP     5’-CCTGTATTCCCATCCCATCATC-3’      597-618

POLSEQ8  5’-TGTTTTCGAAAACTTCCTGT-3’      943-962

POLSEQ9  5’-ACAGGAAGTTTTCGAAAACA-3’      943-962

POLSEQ6  5’-TTTCACTTTCTCGCCAACTTA-3’    1089-1109

POLSEQ2  5’-AGCAAACACTTGGCATAGGC-3’    1168-1188

BPOLBO2  5’-TCTTGTCTTACTTTTGGAAGA-3’    2216-2236

POLSEQ4  5’-AAATGCCCCTATCTTATCAA-3’    2305-2323

LSOB1       5’-GGCATTATTTGCATACCCTTTGG-3’    2739-2762

POLSEQ5  5’-GGGTCCTTGTTGGGGTTGAAG-3’    2979-2999

B935       5’-GAAGGTTTGTGGCTCCTCTG-3’    1240-1260

BPOLEO1  5’-CTGAGAGTCCAAGAGTCCTCT-3’    1657-1677

MDN5       5’-AGGAGGCTGTAGGCATAAAT-3’    1774-1794

B936       5’-TGGAGGCTTGAACAGTAGGACAT-3’   1851-1874

MDC1       5’-TTGATAAGATAGGGGCATTTG-3’    2304-2324

Database sequences
The following complete genomes (represented by their
accession number) were used in phylogenetic tree analyses:
genotype A: AJ344115; genotype B: AF282917, D00331;
genotype C: AY040627, AF461357, M38454, AY057948,
AF241410, AF241411, AF330110, AB048705, AB026812,
D00329, AB014398, X75665, X14193, X52939, X59795;
genotype D: AF280817, AJ344116; genotype E: X75664;
genotype F: AB036908; genotype G: AF405706.

Genotype and phylogeny analysis
The genotype of each HBV sequence was determined by
comparison with sequences of known genotypes in the GenBank
and EMBL nucleotide databases using the programme
BLAST[14]. Phylogenetic trees were constructed by maximum
likelihood analysis by quartet puzzling[15]. TreePuzzle is available
at http://www.tree-puzzle.de.

RESULTS
HBV genotypes
Compared with sequences of known genotypes in the GenBank
and EMBL nucleotide databases using the programme BLAST, all
genotypes of each HBV sequence from the 20 asymptomatic HBV
carriers in Long An County were found to be genotype C viruses.

Characterization of HBV genome structure
The full-length HBV-DNA sequence of HBV isolated from sample
No. 624 was determined by direct sequencing. This strain
contained 3 215 bases. Its serotype is adw. There were 40 point
mutations in polymerase gene resulting in changes of 11 amino
acids. There were 11, 2, 3 point mutations in PreS1, PreS2 and S
genes, leading to 3, 1, 1 amino acids changed in the respective
regions. The amino acid mutation in PreS1 was TPP PHQ at
codes 68-70. Six point mutations including the double mutations
were found in X gene causing changes of 4 amino acids. There
were also 13 point mutations in C gene, leading to 2 amino acids
changed. No mutation was found in “a” determinant and Pre C.

Phylogeny analysis
The homology with 23 HBV strains in GenBank was determined

by using the programme TreePuzzle. The HBV strain isolated
from sample No. 624 in Long An County was closer to the
Vietnamese HBV of genotype C, with 97% homology between
them, as compared to the isolates of the same genotype from
Shanghai, Beijing and Tibet in evolution (Figure 1).

Figure 1  Phylogenetic trees based on comparison of the whole
genome. The trees were created by maximum likelihood analy-
sis using the TreePuzzle software with AF241411 as outgroup.

Prevalence of occult HBV infection
After nested PCR amplification, six samples of 52 family
members of children without immunization of HBV vaccine were
positive for HBV DNA, counting for 11.5% (6/52) (Table 2). The
region of surface ORF of the samples with positive HBV DNA
positive, including the “a” determinant of HBsAg, was
sequenced. A point mutation from guanosine to adenosine at
nucleotide position 587 resulted in an amino acid substitution
from glycine to arginine in the highly antigenic “a” determinant
of HbsAg, which  was found in sample No. 37 only and  was
negative for both HBsAg and anti-HBs. The other samples with
positive HBV DNA did not have unusual amino acid substitutions
in or around the “a” determinant, and were attributed to the
wild-type HBV of genotype C.

DISCUSSION
In 1988, Okamoto et al.[3] established a method to classify HBV,
and analyzed the complete HBV nucleotide sequences and
classified them into four different HBV genotypes designated
from A to D, according to an intergroup divergence of >8%,
and an intragroup divergence of <5.6%. Today, HBV has been
classified into eight different genotypes designated from A to
H[4,5,16,17] and HBV genotypes have a pattern of geographical
distribution[18,19]. Genotype A is prevalent in Northern and
Central Europe, but is also common in North America and sub-
Saharan Africa. Genotypes B and C are confined to Asia,
genotype D is widespread but is the predominant genotype in
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the Mediterranean region, while genotype E is found mainly in
West Africa. Genotype F shows the highest divergence among
the genotypes and is indigenous to aboriginal populations of
the Americas[20]. Genotype G was found in USA and France[4],
genotype H in the Central America[5], and genotypes A, B, C
and D in China. The predominant genotype in China is genotypes
B and C[21,22].
       The incidence of HCC in Long An County is about 49.9/100 000
and the prevalence of HBsAg in the county is 16%[13,23] and
more than 90% of hepatocellular carcinoma (HCC) cases are
individuals positive for HBsAg in serum[12]. In Japan, HBV
genotype C was found to be closely associated with severe
liver diseases and the development of HCC[7,24], although young
HCC patients were found to be HBV genotype C in Taiwan[25].
     HBV infection is usually diagnosed when the circulating
HBsAg is detected. However, advances in molecular biology
techniques revealed that a low level of HBV DNA could be
detected in serum and liver tissue in some individuals who
were negative for HBsAg[26,27]. Although there are some studies
on occult HBV infection, the precise prevalence of this clinical
entity is still unknown. Luo et al.[28] found that the prevalence
rate of occult HBV infection in Guangdong and Hainan
Provinces was 2.0% (6/294) and 3.4% (68/1 995), respectively in
the general population. Bower et al.[29] reported that the prevalence
was 4.3% (11/258) in subjects without liver disease in USA. In
this study, we found that the prevalence of occult HBV infection
in Long An County was higher (11.5%, 6/52). The mechanisms
that HBV carriers have a low, but stable level of viral replication
remain to be defined. HBV strains might have mutations in S
region resulting in occult HBV infection[30,31]. This kind of
mutations was found in one of our samples. In addition, this
type of carriers should be added to the typical HBsAg-positive
carriers constituting about 16% of the general population, to
estimate more precisely the propotion of asymptomatic HBV
carriers in Long An County. It is clear that the prevalence of
HBV infection in Long An County is in correspondence with
its high incidence of HCC.
      To extend the knowledge of molecular features of natural
HBV isolates, sample No. 624 in this study was selected for
whole genome sequencing. This strain contained 3 215 bases.
HBsAg region sequence showed that it belonged to serotype
adw. No special mutation which could change the expression
function of viral proteins was found in the sequence of this
isolate. By homology analysis with 23 HBV strains in GenBank,
this isolate was found to be closer to the Vietnamese HBV
genotype C strain[32] than to the genotype C isolates from
Shanghai in evolution[33], with 97% homology with the Vietnamese
isolate. At present, the only explanation about this is that Long
An County is geographically close to Vietnam.
    In summary, HBV infections in Long An County are
attributable to HBV genotypes C. The prevalence of occult HBV
infection in Long An County is higher.
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Abstract

AIM: To evaluate the efficacy and safety of oxymatrine capsule
in treatment of hepatic fibrosis in patients with chronic viral
hepatitis.

METHODS: It was a randomized, double blind, placebo-
controlled, multicenter clinical study. One hundred and forty-
four patients were divided into oxymatrine capsule group
(group A) and placebo group (group B).The course was
52 wk. Patients were visited once every 12 wk and the last
visit was at 12 wk after cessation of the treatment. All patients
had liver biopsy before treatment. part of them had a second
biopsy at the end of therapy. Clinical symptoms, liver function
test, serum markers of hepatic fibrosis were tested. Ultrasound
evaluation was performed before, during and at the end of
therapy.

RESULTS: One hundred and forty-four patients enrolled in
the study. Of them 132 patients completed the study according
to the protocol,49 patients had liver biopsy twice (25 patients
in group A and 24 in group B). At the end of therapy, significant
improvements in hepatic fibrosis and inflammatory activity
based on Semi-quantitative scoring system (SSS) were
achieved in group A. The total effective rate of the treatment
was 48.00%, much higher than that of 4.17% in group B
(P<0.05). Significant improvement in serum markers of hepatic
fibrosis such as hyaluronic acid (HA) and type III procollagenic

peptide (P III P) in group A was seen (P<0.05). The total
effective rate of serum markers at the end of therapy in group
A was 68.19%, much higher than that of 34.85% in group
B (P<0.05). The total effective rate of noninvasive markers
at the end of therapy in group A was 66.67%, much higher
than that of 30.30% in group B (P<0.05). The rate of adverse
events was similar in two groups.

CONCLUSION: Oxymatrine capsule is effective and safe in
treatment of hepatic fibrosis due to chronic viral hepatitis.

Mao YM, Zeng MD, Lu LG , Wan MB, Li CZ, Chen CW, Fu QC,
Wang JY, She WM, Cai X, Ye J, Zhou XQ, Wang H, Wu SM,
Tang MF, Zhu JS, Chen WX, Zhang HQ. Capsule oxymatrine
in treatment of hepatic fibrosis due to chronic viral hepatitis:
A randomized, double blind, placebo-controlled, multicenter
clinical study. World J Gastroenterol  2004; 10(22): 3269-3273

http://www.wjgnet.com/1007-9327/10/3269.asp

INTRODUCTION
Hepatic fibrosis is a kind of compensating and healing response
in the liver to liver injury induced by a variety of causes and
also a common pathological process of many chronic liver diseases
characterized by hyperplasia and deposition of fibro-connective
tissues. It is essential to block the genesis and progress of hepatic
fibrosis[1-5,30,31]. Oxymatrine is a kind of alkaloid extracted from a
Chinese herb Sophora alopecuraides L. which has been proved
to have antihepatic fibrosis effect[6,7,18-20]. In this paper, we
reported the clinical study data of oxymatrine capsule in treatment
of hepatic fibrosis in patients with chronic viral hepatitis.

MATERIALS AND METHODS
Resarch design
This study was a clinical trial characterized by multicentre,
randomization, double blinding, and placebo-control. Enrolled
patients were randomly assigned into oxymatrine capsule group
(group A) or vacant placebo control group (group B), with 72
cases in each group and a treatment course of 52 wk. This
study was conformed to the Good Clinical Practice (GCP) of
China. The research protocol was discussed and approved by
the Ethic Committee of National Clinical Research Base of Drugs
in the Institute of Digestive Disease of Renji Hospital. Informed
consent was obtained from each patient.

Selection of subjects
Enrolled criteria were age: 18-65 years  regardless of sex; positive
serum markers of hepatitis B virus (HBV) and hepatitis C virus
(HCV) for at least 6 mo before enrollment; abnormal serum value
of alanine transaminase (ALT) twice or more within 6 mo before
enrollment; liver biopsy examination during 1 mo before
enrollment indicating the stage of hepatic fibrosis  from 1 to 4
according to National Criteria of Grading and Staging for chronic



viral hepatitis amended in 1995 and the scores of stage equal or
more than 1 assessed by the semi-quantitative scoring system
(SSS) of hepatic fibrosis; total serum bilirubin level less than or
equal to 85.5 µmol/L; no history of administrating following
drugs: antiviral drugs, immunoregulating drugs and other
antifibrotic agents; promising not to receive other systemic
antiviral agents, cytotoxic agents, immunoregulators, drugs capable
of reducing serum enzyme activity and bilirubin level, and
Chinese traditional medicines, etc. Following situations should
be excluded: patients with positive laboratory test of HIV;
uncompensable liver diseases; suggestive of autoimmune
diseases with antinuclear antibody (ANA) titer greater than a
1:160 dilution; bone marrow inhibition; abnormality of serum
creatinine with a value 1.5 times greater than normal; concurrence
of other associated diseases which might affect the present
treatment such as unstable diabetes, renal insufficiency, unstable
angina pectoris, alcoholic liver disease, epilepsy, obvious
manifestations of neurosis, drug abuser, psychosis, pancreatitis,
disability of absorption and malignant disease, and so on; Having
taken other drugs in clinical trial within 30 d before the first
medication; hypersensitive to oxymatrine capsule; pregnancy
and during breast-feeding period; female conceptive patients
not adopting any contraceptives.

Treatment procedures and drugs
After completion of selection and assessment, qualified subjects
were allocated into group A or B randomly. The patients in
group A took 300 mg oxymatrine capsules orally 3 times a day,
and 2 tablets of complex vitamins B and C at the same time for
52 wk. The patients in group B took 3 tablets of vacant capsules
instead of oxymatrine capsules and complex vitamins B and C
at the same frequency as described above for 52 wk. All patients
received follow-up once every 12 wk during treatment and were
followed up at out-patient department 12 wk after treatment.
Oxymatrine capsule, vacant placebo capsule, complex vitamins
B and C tablets were manufactured and provided by Ningxia
Pharmaceutic Institute and Shanghai Green Valley Ecological
Engineering Co.LTD.

Observation of indexes and assessment
Clinical manifestations  Clinical symptoms and signs were
divided into grades from 0 to 3 according to the symptomatic
grading criteria , evaluated at each follow-up visit, and examined
24 and 52 wk after treatment and 12 wk after drug withdrawal.
Analysis of blood and urine routines and related liver function
indexes  These indexes were evaluated at each follow-up visit
and examined 52 wk after treatment and 12 wk after drug
withdrawal.
Analysis of serum markers of hepatic fibrosis  Tests of serum
hyaluronic acid (HA), laminin (LN), type III procollagenic
peptide (p III p), type IV collagen-7S (IV-7S) were fulfilled by
Military Clinical Immunologic Research Centre of Changzheng
Hospital, Second Military Medical University. The above markers
were evaluated before treatment, 24 and 52 wk after treatment,
12 wk after drug withdrawal respectively, and examined 24 and
52 wk after treatment,12 wk after drug withdrawal, respectively.
Imaging examination (type B ultrasound)  The detection
included 5 indexes: maximal oblique radius of right liver lobe,
main trunk diameter of portal vein and its blood flow parameters
per minute; width of spleen at the hilus and the diameter of spleenic
vein. Ultrasound examination was performed on fixed machines
and by fixed operators and the data were recorded and input in
computers which were read by experts. All the indexes were
evaluated before treatment and 52 wk after therapy, examined
52 wk after drug withdrawal.
Histopathological detection  Histopathological specimens were
independently observed and assessed based on National Criteria
of Grading and Staging for chronic viral hepatitis amended in

1995 and SSS by 3 pathologists from Department of Pathology,
Medical College, Fudan University. The observed results were
checked by another 3 pathologists who did not anticipate in
the study by Kappa test. The reciprocal consistence among
the above pathologists was satisfactory. The observed results in
all patients were evaluated before therapy and part of them were
evaluated 52 wk after therapy. All data were examined 52 wk
after therapy.
     During treatment and after therapy was terminated, the
following events were recorded: combined medication, adverse
reactions and the compliance of patients.

Assessment of therapeutic effects
Indexes of histopathology  The curative effect was evaluated
based on SSS. Distinctly effective: the scores of hepatic fibrosis
based on SSS from liver biopsy decreased at least 6 scores
compared with that before treatment. Effective: the above scores
decreased at least 2 scores. Ineffective: the effect did not meet
the effective criteria.
Assessment of indexes of noninvasive tests  These indexes were
evaluated comprehensively in terms of clinical manifestations,
serum liver fibrotic markers and ultrasound detection data.
Distinctly effective: any two values among serum liver fibrotic
indexes decreased by at least 80% compared with that before
treatment, at least the main trunk diameter of portal vein and
splenic width returned to normal after treatment, clinical
symptoms and signs disappeared or their total scores decreased
by at least 75% compared with that before treatment. Effective:
any two values among serum liver fibrotic indexes decreased
by at least 40% compared with that before treatment, the main
trunk diameter of portal vein and splenic width reduced after
treatment, clinical symptoms and signs disappeared basically
or their total scores decreased by at least 25% compared with
that before treatment. Ineffective: the effect did not meet the
effective criteria.

Assessment of safety
Any abnormal clinical manifestations and laboratory tests
occurred during treatment were recorded and divided into 4
grades according to the criteria published by WHO and the
Ministry of Public Health of China in 1994.

Statistical analysis
Statistical analyses were performed by professor Su BH and
He QB from Department of Statistics, Shanghai Second Medical
University, and SAS 6.12 software kit was used.

RESULTS
Selected patients
A total of 144 patients satisfied the selection criteria. Of them,
12 cases withdrew or were excluded during treatment, 132 cases
fulfilled the treatment course according to the required protocol
(66 cases in group A and 66 cases in group B). Before treatment,
the following general data between two groups were similar
(P>0.05, respectively): sex, age, drinking history, duration of
hepatitis, duration of abnormality of liver function and a more
than 2-fold normal elevation of serum ALT, etc. Each qualified
patient received liver biopsy before treatment. A total of 49 cases
had a second liver biopsy (25 cases in group A and 24 cases in
group B).

Analysis of observed indexes
Clinical symptoms and signs  Clinical manifestations in group
A were obviously improved 52 wk after therapy (P<0.05), except
for epistaxis (P = 1.0000). Heptomegaly was also improved
significantly after therapy (P = 0.0313), symptoms of gum bleeding
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and epistaxis were not improved obviously in group B (P>0.05).
Signs of hepatomegaly, splenomegaly and liver palm were
significantly improved in group B (P<0.05), improvement of
anorexia in group A was greater than that in group B (P = 0.0263).
Liver function  Indexes of liver function in group A were
significantly improved 52 wk after treatment (P<0.05) except for
serum gamma glutamino transpeptidase (GGT) and TB (P>0.05).
In group B, indexes such as serum ALT, AST, TB and alkaline
phosphatase (ALP) had no obvious difference before and after
therapy (P>0.05). Compared with group B, the improvement of
ALT and AST in group A was much greater (P = 0.0007 and
0.0025). Fifty-two wk after therapy, the normalization rate of
ALT in group A was 70.77%, much higher than 39.68% in group
B (P = 0.0003). In groups A and B, 14 out of 46 cases (30.43%)
and 12 out of 25 cases (48.00%) had their serum ALT levels
returned to normal 52 wk after treatment ,and their serum ALT
levels became abnormal again after drug withdrawal.
Liver histologic examination  Evaluation of hepatic fibrosis
based on SSS: In group A, the scores of hepatic fibrosis after
therapy were 4.72±5.63, much smaller than 6.76±6.67 before
therapy (P = 0.0001), while the scores in group B after therapy
increased significantly (P = 0.0009). There was an obvious
difference between two groups (P = 0) (Table 1). Evaluation of
histolgic inflammatory activity based on SSS: In group A, the
scores of histologic activity decreased from 46.08±3.84 before
treatment to 4.00±2.97 after therapy (P = 0.0002), while the scores
in group B after therapy did not decrease obviously (P = 0.2344).
There was an obvious difference between two groups (P = 0008)
(Table 2).
Evaluation of serum markers of hepatic fibrosis  In group A,
serum levels of HA, LN, p III p and IV-7S decreased significantly
24 and 52 wk after treatment (P<0.05). In group B, serum levels
of LN, p III p and IV-7S also decreased obviously after treatment
(P<0.05). However, degrees of improvement in HA and p III p

between two groups were distinctly different (P<0.05). In group
A, except for LN (P = 0.1493), the other 3 liver fibrotic markers
increased significantly 12 wk after drug withdrawal compared
with that 52 wk after treatment (P<0.05). In group B, except for
HA (P = 0.4212), the other markers also increased obviously 12 wk
after drug withdrawal compared with that 52 wk after treatment
(P<0.05). The increase of HA in group A was more than that in
group B (P = 0.0002) and the increase of IV-7S in group B was
more than that in group A (P = 0.0048).
Imaging examination  After treatment, the average values of
main trunk diameters of portal vein and splenic width in group
A obviously decreased (P<0.05). However, in group B, the
above two parameters and the parameters of blood flow volume
per minute of portal vein and diameters of splenic vein all increased
significantly compared with those before therapy (P<0.05).
The changes in main trunk diameters of portal vein and splenic
width between two groups were statistically significant (P<0.05).

Analysis of therapeutic effect
Assessment of histopathology based on SSS  After treatment,
the rates of distinct effectiveness and effectiveness in group A
were both 24.00%, and the total effective rate was 48.00%. In group
B, none achieved distinct effectiveness and the effective rate
was only 4.17%; Comparison of the rates of distinct effectiveness
and effectiveness between two groups had a significant difference
(P = 0.004) (Table 3).
Assessment of serum markers of hepatic fibrosis  The total
effective rate of group A 24 and 52 wk after therapy was 57.43%
and 68.19%, more than 24.24% and 34.85% of group B (P = 0.0002
and 0.0004, respectively). Twelve weeks after treatment, the
total effective rate of group A was 50.00%, more than 15.16% of
group B (P=0.00).
Assessment of noninvasive indexes of hepatic fibrosis  After
treatment, the rates of distinct effectiveness and effectiveness
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Table 1  Liver fibrotic scores before and after therapy based on Semi-quantitative Scoring System

Comparison before              Comparison within            Comparison between
         therapy       group groups

Group          Before After            Before-after
                       Statistics        P         Statistics                 P  Statistics              P

A
(n = 25)       6.76±6.67           4.72±5.63 2.04±2.59 96.0          0.0001
B 1.4098   0.1586    4.8834      0
(n = 24)       4.13±2.82           6.33±4.04           -2.21±3.72 83.0           0.0009

Table 2  Liver histologic activity scores before and after therapy based on Semi-quantitative Scoring System

          Comparison before      Comparison within Comparison between
        therapy    group groups

Group Before After        Before-after
        Statistics                P   Statistics            P          Statistics                 P

A
(n = 25)         6.08±3.84         4.00±2.97          2.08±2.71        69.5       0.0002
B           0.0407         0.9675  3.3543  0.0008
(n = 24)         6.08±4.06         6.92±4.17           -0.83±3.38        21.5       0.2344

Table 3  Comparison of histopathology of hepatic fibrosis

Comparison between 2 groups
Group Distinctly effective Effective Ineffect-ive

Statitics χ2           P

A 6     6      13
(n = 25)          (24.00%) (24.00%)    (52.00%)
B 0     1      23    12.6970    0.0004
(n = 24)            (0.00%)   (4.17%)    (95.83%)



in group A were respectively 3.03% and 63.64%, and the total
effective rate was 66.67%. In group B, the rates of distinct
effectiveness and effectiveness were respectively 0% and 30.30%,
and the total effective rate was 30.30%.The comparison of the
above statistics between two groups had a significant difference
(P = 0.0001) (Table 4).

Adverse effects
In group A, there were 5 patients who suffered from adverse
drug reactions and the incidence was 6.94%. The adverse drug
reactions mainly included nausea, rash, chest discomfort, fever,
epigastric comfort, diarrhea and poor taste, and most of them
were mild or moderate. None of the patients withdrew because
of adverse drug reactions. In group B, adverse effects occurred
in 7 patients and the incidence was 9.72%. The manifestations
were similar to those in group A and 1 patient withdrew because
of weakness, anorexia, epigastric discomfort after taking drugs.

DISCUSSION
Hepatic fibrosis, a precuror of cirrhosis, is a consequence of
sever liver damage that occurred in many patients with chronic
liver disease, and involves the abnormal accumulation of
extracellular matrix[3,4,11,12]. Liver fibrosis represents a major
worldwide healthcare burden. Current therapy is limited to
removing the causal agent. This approach has been successful
in some diseases, particularly in haemochromatosis and chronic
viral hepatitis[9,10,17,28]. However, for many patients treatment
was not possible, while other patients presenting to medical
attention were at an advanced stage of fibrosis[8,9]. There is
therefore a great need for novel therapies for liver fibrosis.
Tremendous insights into the understanding of hepatic fibrosis
have taken place over the past ten years. Foremost among these
is the recognition that hepatic stellate cells (formerly known as
lipocytes, Ito cells, or fat-storing cells) play a central role based
on their ability to undergo activation following liver injury of
any cause[11,15,16,29]. Hepatic stellate cells have been recognised
to be responsible for most of the excess extracellular matrix
observed in chronic liver fibrosis. The detailed understanding
of hepatic stellate cell biology has allowed the rational design
of novel antifibrotic therapies[29]. Effective therapy for hepatic
fibrogenesis would probably also be multifactorial, based on the
basic mechanisms underlying the fibrogenic process[13,14,21-23].
       At present, it is considered that treatment of hepatic fibrosis
and antihepatic fibrosis are two different concepts and antifibrotic
drugs should act on various parts of the genesis and development
of hepatic fibrosis. Firstly, as for etiological treatment, oxymatrine
could effectively treat chronic viral hepatitis and promote the
serum markers of hepatitis B virus (HBV) and hepatitis C virus
(HCV) in chronic hepatitis B and C to convert to negative and
reduce serum level of ALT[6,7]. Secondly, oxymatrine could inhibit
the proliferation of hepatic stellate cells (HSC) at the concentrations
of 0.5-16 µg/mL in vitro. In addition, oxygen stress and lipid
peroxidation are important mechanisms responsible for hepatic
injury and hepatic stellate cell activation. Therefore, inhibition
of lipid peroxidation is an essential strategy of antihepatic
fibrosis[12-16]. By establishing D-galactosamine-induced rat liver

fibrosis model, we observed the effect of oxymatrine on serum
and tissue biochemical indexes, content of liver hydroxyline,
expression of TGFβ1 mRNA and changes of tissue pathology,
the results showed oxymatrine had prophylactic and therapeutic
effects on D-galactosamine induced rat liver fibrosis. This was
partly by protecting hepatocytes and suppressing fibrosis
accumulation through anti-lipoperoxidation[10]. In present study,
We found that the scores of hepatic fibrosis after therapy in
group A were 4.72±5.63, much smaller than 6.76±6.67 before
therapy, and the scores in group B after therapy increased
significantly. There was an obvious difference between two groups.
The scores of histological inflammatory activity in group A
decreased from 46.08±3.84 before treatment to 4.00±2.97 after
therapy, and the scores in group B after therapy did not decrease
obviously. There was an obvious difference between two groups
both in improvement of histopathology and in improvement of
noninvasive indexes such as clinical manifestations, serum
markers of hepatic fibrosis[24-27]. Associated indexes of liver
function and imaging detection indicated that oxymatrine was
an ideal drug of antihepatic fibrosis. It is valuable to pay more
attentions to the basic and clinical research of oxymatrine in
order to explore the accurate mechanisms of its effect on antihepatic
fibrosis.
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Abstract

AIM: Studies on Helicobacter pylori (H pylori) and gastrodu-
odenal diseases have focused mainly on the distal sites of
the stomach, but relationship with the gastric cardia is
lacking. The aim of this study is to determine if the gastric
topology and genotypic distribution of H pylori were associated
with different upper gastrointestinal pathologies in a multi-
ethnic Asian population.

METHODS: Gastric biopsies from the cardia, body/corpus
and antrum were endoscoped from a total of 155 patients
with dyspepsia and/or reflux symptoms, with informed
consent. H pylori isolates obtained were tested for the
presence of 26kDa, ureC, cagA, vacA, iceA1, iceA2 and
babA2 genes using PCR while DNA fingerprints were
generated using random amplification polymorphic DNA
(RAPD).

RESULTS: H pylori was present in 51/155 (33%) of patients
studied. Of these, 16, 15 and 20 were isolated from patients
with peptic ulcer diseases, gastroesophageal reflux diseases
and non-ulcer dyspepsia, respectively. Of the H pylori positive
patients, 75% (38/51) had H pylori in all three gastric sites.
The prevalence of various genes in the H pylori isolates
was shown to be similar irrespective of their colonization
sites as well as among the same site of different patients.
The RAPD profiles of H pylori isolates from different gastric
sites were highly similar among intra-patients but varied
greatly between different patients.

CONCLUSION: Topographic colonization of H pylori and
the virulence genes harboured by these isolates have no
direct bearing to the clinical state of the patients. In multi-
ethnic Singapore, the stomach of each patient is colonized
by a predominant strain of H pylori, irrespective of the clinical
diagnosis.
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INTRODUCTION
Helicobacter pylori (H pylori) is a common gastric pathogen
that has infected more than 50% of the world’s population[1]. It
is the major aetiological agent of chronic active gastritis and is
generally accepted as being the primary cause of peptic ulcer
disease and a carcinogenic factor for gastric cancer (GC)[2].
However, only a minority of H pylori infected subjects develops
these diseases. This has led to the suggestion that clinical
sequelae that develop may be dependent upon differentially
expressed bacterial determinants, e.g., bacterial virulence genes:
cagA, vacA, iceA1, iceA2, babA2[3-5]. In many parts of Asia,
the prevalence of cagA and vacA strains is high regardless of the
presence or absence of disease states[6]. This limits the usefulness
of using these genes as markers to predict clinical outcome.
Instead, other factors like host susceptibility as well as specific
interactions between a particular strain and its host that occur
during decades of coexistence might have contributed to an
increased risk of developing certain clinical manifestations[7].
        Our current knowledge on the epidemiology of the organism
is predominantly based on data obtained from serologic studies.
It has also been reported that a single strain of H pylori predominates
the gastric antrum and corpus of infected patients in Singapore[8].
However, there is a need to study whether the topographic
distribution of H pylori genotypes in various gastric sites in
patients of different ethnic origins affects the disease state. Being
an Asian country with a multi-ethnic population, Singapore is
suitable for this investigation.

MATERIALS AND METHODS
Patients
Consecutive patients with dyspepsia and/or reflux symptoms
presenting for upper gastrointestinal endoscopic examination
to one of the authors (KYH) and who have not been exposed to
antibiotics, proton pump inhibitors (PPI) or bismuth compounds
within the past four week were invited to participate in the study.
Patients who previously had been treated for H pylori infection,
patients who refused gastric biopsies, patients who were unable
to give consent because of age or mental illness and patients in
whom gastric and oesophageal biopsies were contraindicated
(e.g., coagulopathy, oesophageal varices and severe co-morbidity),
subjects who were pregnant and those who were <18 years old,
were excluded. Informed consent was obtained from each patient.
       A total of 155 patients were included in the study. The patient
population comprised 122 (79%) Chinese, 17 (11%) Indians, 8
(5%) Malays and 8 (5%) subjects of other ethnicities. Of these,
95 (61%) were males and 60 (39%) females. The mean age was
48.4±15.5 (range, 24-88) years. Based on clinical history and
endoscopic examination, patients were classified into the following
groups: gastroesophageal reflux disease (GERD) (n = 50), peptic
ulcer disease (PUD) (n = 36) and non-ulcer dyspepsia (NUD)
(n = 69). GERD was defined as the presence of predominant
symptoms of reflux, e.g., heartburn, acid regurgitation and/or
the presence of any length of mucosal break in the oesophagus
due to gastroesophageal reflux. NUD was defined as patients
with neither a history of GERD nor endoscopic evidence of
organic pathologies. PUD refers to patients who were either



diagnosed upon endoscopy as suffering from gastric ulcers
(ulcers at the corpus) or duodenal ulcers (ulcers at the antrum). A
total of 465 biopsy specimens were obtained from the 155 patients.

Endoscopy
After an overnight or six hour fast, upper gastrointestinal
endoscopy was performed according to standard technique.
From each patient, one biopsy specimens was obtained using
sterilized standard biopsy forceps from each of the three sites
of the stomach: the cardia just below the z-line, the middle
gastric corpus and the antrum within 2 cm of the pylorus, in
that order. The biopsy forceps were thoroughly cleaned with
alcohol swaps between biopsies to avoid contamination between
specimens. The biopsies were transported in 0.85% sterile saline
to the microbiological laboratory for processing within 6 h.

H pylori culture
Each biopsy specimen was homogenised aseptically in 500 µL
of Brain Heart Infusion Broth (BHI, Oxoid Ltd., Basingstoke,
UK) enriched with 4 g/L yeast extract (Oxoid Ltd., Basingstoke,
UK). Approximately 100 µL homogenised specimens in BHI
broth were inoculated onto H pylori selective chocolate blood
agar plates and non-selective chocolate blood agar plates
respectively. The selective blood chocolate agar was supplemented
with 3 mg/mL vancomycin, 5 mg/mL trimethoprim, 10 mg/mL
nalidixic acid and 2 mg/mL amphotericin B. All the antibiotics
were from Sigma-Aldrich Chemie, Steinheim, Germany. The
plates were incubated at 37  for up to 14 d in an incubator
(Forma Scientific, USA) containing 50 mL/L CO2.
     Aliquots of 50 µL of BHI-biospy suspension were each
inoculated into catalase reagent, oxidase reagent and 20 g/L
urea solution for their respective testing. An isolate was
identified as H pylori if minute (-1 mm in diameter) rounded
translucent colonies with gram-negative S-shaped motile cells
that exhibited positive catalase, oxidase and urease activities.
For this study, a patient was considered positive for H pylori if
the organism was isolated from any of the three gastric sites.

Genotyping of H pylori
The DNA of each 3-d old H pylori culture was extracted
according to the method as described by Hua et al.[8]. A 50 ng
working stock of DNA was used to amplify 26kDa[9], ureC[10],
cagA[11], vacA[12], iceA1[5], iceA2[5] and babA2[4] genes according
to the protocol as described by Zheng et al.[6] using the specific

forward and reverse primers for each of the corresponding genes
(Table 1). The DNA fingerprint of the H pylori was obtained by
PCR using the universal primer, 5’- AACGCGCAAC-3’ and
amplified according to protocol as described by Hua et al.[13].
The PCR products obtained were electrophoresed and the ethidium
bromide stained gels[13] were then photographed with filtered
UV illumination on Chemi Genius2 (SynGene, Cambridge, UK).

Statistical Calculation
The significance of the results obtained was calculated using
SPSS v.10 for Windows (SPSS, Chicago IL) to determine the
Pearson chi-square whereby a P value <0.05 was considered to
indicate statistical significance.

RESULTS
H pylori isolates in various clinical groups
Of the 155 patients studied, 51 (33%) were found to harbour
H pylori in at least one of the 3 gastric biopsy sites. In all, 43, 47
and 44 isolates were obtained from gastric antrum, corpus and
cardia respectively, giving a total of 134 isolates. H pylori was
present in 16/36 (44%) PUD patients as compared with 15/50
(30%) GERD patients (P = 0.169) and 20/69 (29%) NUD patients
(P = 0.113) (Table 2).

Table 2  Relationship between H pylori status and disease states

Groups           No. of         No. of               No. of                 P
              patients         biopsies          H pylori (+)

PUD   36           108        16 (44%)              -
GERD   50           150        15 (30%)        0.169
NUD   69           207        20 (29%)        0.113

PUD, peptic ulcer disease; GERD, gastroesophageal reflux
disease; NUD, non-ulcer dyspepsia. All test values were cal-
culated with respect to PUD; P<0.05 indicates statistical
significance.

Relationship between topographic distribution of H pylori
isolates and clinical outcomes
Of the 51 H pylori positive patients, 38 (75%) showed the
presence of H pylori in all the three gastric sites while 1 (1%), 2
(4%) and 4 (8%) had H pylori isolated from antrum & corpus,
antrum & cardia, and corpus & cardia, respectively. H pylori

Table 1  Primer sequences of genes of interest

Region Primer Nucleotide sequence (5’ 3’) PCR product (bp)     Reference

26kDa 26kDa-F TGGCGTGTCTATTGACAGCGAGC 298 9
26kDa-R CCTGCTGGGCATACTTCACCAAG

ureC ureC-F AAGCTTTTAGGGGTGTTAGGGGTTT 294            10
ureC-R AAGCTTACTTTCTAACACTAACGC

cagA cagA-F AATACACCAACGCCTCCAAG 400            11
cagA-R TTGTTGCCGCTTTTGCTCTC

vacA vacA-F GCTTCTCTTACCACCAATGC            1160            12
vacA-R TGTCAGGGTTGTTCACCATG
m2-R CATAACTAGCGCCTTGCAC

iceA1 iceA1-F GTGTTTTTAACCAAAGTATC 246 5
iceA1-R CTATAGCCAGTCTCTTTGCA 5

iceA2 iceA2-F GTTGGGTDTDTCACAATTTAT           229/334 5
iceA2-R TTGCCCTATTTTCTAGTAGGT 5

babA2 babA2-F AATCCAAAAAGGAGAAAAAGTATGAAA 831 4
babA2-R TGTTAGTGATTTCGGTGTAGGACA 4

F: forward primer R: reverse primer.
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was isolated from a single site of the stomach in 6 (12%) patients,
among which 2 isolates were from the antrum and 4 were from
the corpus. This topographical pattern of H pylori colonization
was observed in all the patients irrespective of the underlying
clinical diagnosis.

Relationship between topographic distribution of H pylori genes
of interest and clinical outcomes
All the H pylori isolates possessed the 26kDa gene and the
ureC genes. The prevalence of virulence genes of interest were
present in equal ratios in all the H pylori isolates obtained from
all the 3 different gastric biopsy sites: 74-81% for cagA and 80-
86% for vacA; 53-59% for iceA1 and 36-42% for babA2
regardless of the underlying clinical diagnosis. However, the
iceA2 gene was present less frequently, at 20-26% of the H pylori
isolates. It is noted that the difference in gene frequency between
the various sites was also not statistically significant (Table 3).
       Similar observation was noted with respect to the distribution
of virulence genes of H pylori isolated from the same site among
the different disease groups. The prevalence for each virulence
gene within the same site was highly similar. No significant
association of the virulence gene was found to be associated
with a particular biopsied site, regardless of the disease state,
with the exception of cagA in isolates from the corpus of the
stomach of GERD patients (Table 4).

Table 3  Anatomical location of the 134 H pylori isolates and
their virulence genes

                    Antrum (%)        Body/Corpus (%)      Cardia(%)
         n = 43    n = 47        n = 44

Clinical Diagnosis
    PUD          12 (33)    15 (42)        12 (33)
    GERD          13 (26)    15 (30)        14 (28)
    NUD          18 (25)    17 (24)        18 (26)
Genotype
    26kDa          43 (100)    47 (100)        44 (100)
    ureC          43 (100)    47 (100)        44 (100)
    cagA          35 (81)    35 (74)        33 (75)
    vacA          37 (86)    38 (81)        35 (80)
    iceA1          25 (58)    25 (53)        26 (59)
    iceA2          10 (23)    12 (26)          9 (20)
    babA2          18 (42)    20 (38)        16 (36)

PUD, peptic ulcer disease; GERD, gastroesophageal reflux
disease; NUD, non-ulcer dyspepsia. All test values were calcu-
lated with respect to gastric antrum and none were significant.

Relationship between topographic distribution of H pylori strain
based on RAPD fingerprinting and clinical outcomes
For comparison, differences in 2 or more bands of the RAPD
profile are considered different while variations in band intensity
were not taken into account. On this basis, the RAPD profiles
of all the H pylori strains isolated showed an overall similarity
in profiles within individual patients, with minor differences such
as the presence or absence of a single band. However, distinct
differences in the DNA profiles were observed between patients
(Figure 1). In this study, no comparison could be made in 6
patients since H pylori was isolated from only one site of the
stomach in these patients.

Figure 1  PCR-based RAPD patterns of H pylori isolated from 3
gastric sites of 4 individual patients. Lane1: λHindIII M marker,
Lane 14: 1 kb M marker; Lane 2-4, 5-7, 8-10, 11-13 for patients 1,
2, 3 and 4 respectively. A: antrum; B: body; C: cardia.

DISCUSSION
It is noted that 50% of the world’s population are infected with
H pylori but only a small proportion manifest different
gastroduodenal diseases[14]. One of the factors contributing to
this phenomenon could be the patchy distribution of H pylori
in different gastric sites of the stomach As most of the earlier
studies focused on H pylori isolated from the distal sites of
the stomach[8,15], the present study shows that H pylori isolates
obtained from all the 3 gastric sites, namely cardia, corpus and
antrum, in 38/51 (75%) H pylori patients were similar genotypically.
Care was taken in cleaning and disinfecting the biopsy forceps
between biopsies to avoid contamination between specimens.
The results imply that H pylori colonises the entire stomach
instead of a predominant site in three quarters of our H pylori
positive patients, irrespective of the underlying clinical diagnosis.
The finding suggests that the site of H pylori colonization or
topographic distribution does not contribute significantly to
the outcome of the infection.

Table 4  Distribution of virulence genes of 134 H pylori isolates from the same anatomical site of different patient groups

         Isolates         26kDa (%)    ureC (%)          cagA (%)             vacA (%)         iceA1(%)          iceA2(%)           babA2(%)

Antrum
    PUD 12          12 (100)                 12 (100) 9 (75) 10 (83) 6 (50) 4 (33)  6 (50)
    GERD 13          13 (100)     13 (100)            11 (85) 11 (85) 7 (54) 2 (15)  6 (46)
    NUD 18          18 (100)     18 (100)            15 (83) 16 (89)           12 (67) 4 (22)  6 (33)
Body/Corpus
    PUD 15          15 (100)     15 (100)  9 (60) 10 (67) 6 (40) 5 (33)   7 (47)
    GERD 15          15 (100)     15 (100)            14 (93)1 14 (93) 8 (53) 3 (20)   8 (53)
    NUD 17          17 (100)     17 (100)            12 (71) 14 (82)            11 (65) 4 (24)   5 (29)
Cardia
    PUD 12          12 (100)     12 (100) 9 (75) 11 (92) 5 (42) 2 (17)   3 (25)
    GERD 14          14 (100)     14 (100)            12 (86) 11 (79) 8 (57) 2 (14)   7 (50)
    NUD 18          18 (100)     18 (100)            12 (67) 13 (72)           13 (72) 5 (28)   7 (39)

PUD, peptic ulcer disease; GERD, gastroesophageal reflux disease; NUD, non-ulcer dyspepsia. All test values were calculated with
respect to PUD. 1Indicates statistical significance (P = 0.031).
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       While studies in Europe suggested that virulence genes, e.g.,
cagA and vacA affect the clinical outcome of H pylori infection[3,5],
the present study confirms previous studies carried out in Asian
countries[6,15] that showed a high prevalence of cagA and vacA
genes regardless of the clinical outcome. This study comprised
Singapore patients of various ethnicities (Chinese, Malays,
Indians and other races), also shows that each of the virulence
genes, i.e., cagA, vacA, iceA1, iceA2 and babA2 were equally
distributed in H pylori isolates obtained from all the three
anatomical sites studied regardless of the disease states. Similarly,
comparisons of these genes from the same anatomical site of
different patients showed no significant presence, except for
cagA in the corpus of GERD isolates. However, it is important
to point out that the number of isolates obtained from each is
relatively low (n 18), regardless of the disease state. As
such, the significant presence of cagA in the corpus of GERD
patients needs further analysis with a larger pool of samples
to confirm conclusively its contribution to the onset of GERD.
The data therefore suggest that virulence genes and their
topographic distribution do not contribute to the clinical
status, at least in the Singapore population. This study
supports the earlier reports[15-17] that identifying such virulence
genes in order to predict clinical outcome may be of limited
value in Asian H pylori isolates.
     The finding that RAPD profiles of the H pylori isolates were
similar from 3 different anatomical sites (antrum, corpus &
cardia) of each patient further strengthens our earlier study[9]

where isolates from 2 sites (antrum & corpus) were identical.
This finding is complemented by the similar status of presence
of various virulence genes in these isolates obtained from the
respective patients. As such, the isolation of a strain from any
gastric site in a single patient could be taken as representative
of H pylori infection present in the H pylori infected gastric
environment.
    This study, which included consecutive patients with
dyspepsia and/or reflux symptoms showed a lower frequency
of PUD as compared with that of GERD. H pylori was found in
only 44% of patients with PUD. This seems to run counter to
the generally held view that H pylori occurs frequently in
Asians patients with PUD[13]. However, this finding is supported
by an earlier study from the same unit[18] showing the frequency
of reflux oesophagitis was increasing while that of duodenal
ulceration was decreasing in Singapore. The high frequency of
patients with GERD in this study also relates to the fact that the
endoscopist (KYH) sees most of the GERD patients in the
hospital. The decreasing frequency of H pylori associated
peptic ulcers was reported to be attributed to the increasing
proportion of ulcers due to NSAID use[19].
       In summary, the present study shows that in Singapore, the
topographic colonization of H pylori and their virulence genes
within the host stomach do not play a significant role in the
clinical manifestations of H pylori infection. This study also
demonstrates that in Singapore, which has a multiethnic Asian
population, the stomach of each patient with dyspeptic and/or
reflux symptoms is colonized by a single predominant strain of
H pylori, irrespective of the site of isolation and the clinical
diagnosis of the patient. We suggest that the pathogenesis of
H pylori induced gastroduodenal diseases is due to a more
complex mechanism possibly involving host-pathogen interaction,
environmental and dietary factors.
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Abstract

AIM: Inducible nitric oxide synthase (iNOS) plays a central
role in the pathway of reactive oxygen and nitrogen species
metabolism when Helicobacter pylori (H pylori) infection
occurs in humans. iNOS Ser608Leu allele, a novel genetic
polymorphism (C/T) occurring within exon 16 of the iNOS
reductase domain, may have a dramatic effect on the
enzymatic activity. The aim of this study was to determine
whether iNOS C/T polymorphism was associated with
increased susceptibility to gastric cancer.

METHODS: We conducted a population based case-control
study in a high gastric cancer incidence area, Yangzhong,
China. Questionnaires from 93 patients with intestinal type
gastric cancer (IGC), 50 with gastric cardia cancer (GCC)
and 246 healthy controls were obtained between 1997 and
1998, and iNOS genotyping was carried out. Odds ratios
(ORs), interaction index (γ), and 95% confidence intervals
for the combined effects of iNOS genotype and H pylori

infection, cigarette smoking or alcohol drinking were estimated.

RESULTS: The frequency of (CT+TT) genotypes was higher
in cases than in control group (24.48% vs 23.17%), but the
difference was not statistically significant. After adjusting
for age and gender, past cigarette smokers with (CT+TT)
genotypes had a significantly increased risk of IGC (OR = 3.62,
95% CI: 1.23-10.64), while past alcohol drinkers with
(CT+TT) genotypes had a significantly increased risk of
GCC (OR = 3.33, 95% CI: 1.14-9.67). H pylori CagA negative
subjects with (CT+TT) genotypes had a significantly increased
risk of both IGC and GCC (OR = 2.19 and 3.52, respectively).

CONCLUSION: iNOS Ser608Leu allele may be a potential
determinant of susceptibility to cigarette -alcohol induced
gastric cancer, but larger studies are needed to confirm the
observations.

Shen J, Wang RT, Wang LW, Xu YC, Wang XR. A novel genetic
polymorphism of inducible nitric oxide synthase is associated
with an increased risk of gastric cancer. World J Gastroenterol
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INTRODUCTION
On a global scale, gastric cancer remains the world’s second
most common malignancy. There is a substantial international
variation in gastric cancer incidence with the highest rates reported
from China, Japan and other Eastern Asian countries[1]. The
discovery of Helicobacter pylori (H pylori) in the early 1980 s
has been proven to be a turning point in understanding the
pathogenesis of this malignancy. A major advance in this field
came with the recognition that chronic H pylori infection could
induce physiologic and morphologic changes within the gastric
milieu, which increase the risk of neoplastic transformation[2].
It has been widely accepted that chronic H pylori infection
induces hypochlorhydria and gastric atrophy, both of which
are precursors of gastric cancer[2]. Epidemiological studies have
also indicated that infection with H pylori is considered as a
risk factor for gastric cancer[3,4] and the WHO IARC has classified
this bacterium as a definite biological carcinogen[5]. However,
while the majority of infected individuals develop no significant
clinical disease, others develop two kinds of divergent clinical
outcomes-peptic ulcer disease and gastric cancer[2]. The reasons
for developing these two extreme phenotypes, especially
important in gastric cancer, have remained poorly understood,
and are not explained by bacterial virulence factors alone[2].
This highlights the need to explore potential candidate genes
of the host in the pathways involved in the natural history of
H pylori infection and its interactions with other risk factors in
the development of gastric cancer in a high-risk population.
       The inducible form of nitric oxide (NO) synthase (iNOS) is
one of the most important enzymes involved in the pathway of
reactive oxygen and nitrogen species metabolism in the
presence of H pylori infection in humans. iNOS is a major source
of NO production that is produced during inflammation by
macrophages[6,7]. Expression of iNOS in response to cytokines
is part of the inflammatory response and contributes to tissue
damage, suggesting its possible role in the processing of
carcinogens[7]. iNOS contains many sites for prosthetic groups
and substrate binding[8], which are all potentially important for
the function of the enzyme. Furthermore, studies have indicated
that even single amino acid changes may have dramatic effects
on enzymatic activity[8,9]. The human iNOS gene comprises 27
exons with the transcription start site in exon 2 (E2) and the
stop codon in E27[10]. E1-13 code for the oxygenase domain,
and E14–27 encode for the reductase domain of the protein.
Both of the domains represent different functional parts of the
enzyme[9]. Increased iNOS activities have been observed in patients
with chronic gastritis caused by H pylori infection, and gastric
cancer[11,12]. A 13-21 years follow-up study showed that among
the H pylori positive group, the expression of iNOS and nitro-
tyrosine was significantly higher in the group that developed
gastric cancer than the one that showed no evidence of gastric
cancer, suggesting that H pylori positive subjects with high
levels of reactive nitrogen species in gastric mucosa may be a
high-risk group for gastric cancer[13]. Furthermore, recent
studies have revealed that H pylori infection may lead to a
sustained production of reactive nitrogen species and the
formation of nitro-tyrosine contributes to DNA damage and
apoptosis in gastric mucosa[12]. Infection with H pylori strains



possessing cytotoxin-associated gene (Cag) A, a molecular
marker of H pylori virulence[14,15], is particularly associated with
an increased risk of developing adenocarcinoma of the stomach.
It is suggested that iNOS may be a susceptible gene involved
in the metabolic pathway of nitrogen and oxygen species of
free radicals, and thus may be associated with both gastric
cancer risk and H pylori infection.
       Yangzhong city is one of the areas in China with the highest
gastric cancer mortality and incidence rate. The crude mortality rate
of gastric cancer was from 96.9 to 110.9/100 000 during 1991 and
1997, and the average adjusted incidence rate in the same period
was over 115/100 000 (unadjusted rate was 155.46/100 000),
which is over ten times higher than that in the United States[16].
Based on the understanding of the physiology and pathogenesis
of gastric cancer, and the genetic pathway related to H pylori
infection, we hypothesized that higher frequency of iNOS
Ser608Leu allele (i.e. C/T polymorphism)[9,17] was responsible
for the higher gastric cancer incidence in this area. We were
especially interested in knowing whether the association
between the polymorphism and gastric cancer was modified by
infection with H pylori CagA strains and cigarette smoking
reflecting high exposure to nitrogen and oxygen species of free
radicals. Therefore, the aim of this study was to determine
whether iNOS C/T polymorphism was associated with increased
susceptibility to gastric cancer, and the effects of H pylori infection.

MATERIALS AND METHODS
Study subjects
All gastric cancer patients and “healthy” controls in this study
were Han ethnic Chinese living in Yangzhong city for at least
25 years. Gastric cancer was diagnosed according to the International
Classification of Diseases for Oncology IX, code = 151, and the
criteria of Laurén[18]. Because most diagnosed gastric cancer
cases in Yangzhong were intestinal type gastric cancer (IGC)
and gastric cardia cancer (GCC), we focused on these two kinds
of cancers in the present study. A population based case-control
design was used, and 165 gastric cancer cases (108 IGC, 57 GCC)
and 295 controls were enrolled. The finally analyzed cases and
controls were 143 (93 IGC, 50 GCC) and 246 cases, respectively,
because of missing genotype data for some subjects. There were
no significant differences comparing the finally analyzed
subjects and those with missing data by age and sex. All cases
were identified by endoscopic and pathological diagnosis in
Yangzhong City Municipal Hospital from January 1997 to December
1998. To reduce misclassification of the histological types, two
pathologists reviewed and confirmed all diagnosed cases.
Controls were selected from cancer-free subjects living in the
same community, who were either cases’ siblings or their non-
blood relatives (spouses and spouses’ siblings with the same
gender as cases). Both types of controls differed slightly in
demographic features[19]. Their results were combined to
increase the sample size and to decrease type I error. This study
was approved by the regional ethics committee, and all participants
were given an explanation of the nature of the study, and
informed consents both written and oral, were obtained. Study
subjects completed a questionnaire administered by trained
interviewers.
       The questionnaire was designed to obtain detailed information
on cigarette smoking, alcohol drinking, family history of cancers,
and occupational and hazard exposures. Cigarette smokers were
defined as subjects who reported ever smoking at least one
cigarette per day for 12 mo or more, or whose accumulated
cigarette consumption was over 18 packs per year. Past smokers
were those who had stopped smoking 1 or more years before
the interview. Alcohol drinkers were defined as subjects who
reported to have an average of one drink or more per week for one
or more yeaes. Past alcohol drinkers were also defined as those

who had stopped drinking for 1 or more years before the interview.

Laboratory analysis
Blood was drawn from each participant by the designated
coordinator according to the Guidelines of the National Heart,
Lung, and Blood Institute Working Group on Blood Drawing,
Processing, and Storage for Genetic Studies. Twenty milliliters
of forearm venous blood was collected from each subject via
venipuncture into two 10-mL vacutainer tubes containing EDTA.
Puragene DNA isolation kits (Gentra Systems, Minneapolis
MN) were used to isolate genomic DNA for genotyping. All
blood samples were separated, and plasma was collected as
soon as possible. The plasma was then stored at -20  in six
1.5-mL tubes for the detection of IgG antibody to H pylori CagA.
     Denaturing high performance liquid chromatography
(DHPLC) was used to scan the potential single nucleotide
polymorphisms (SNPs) in all exons of iNOS, and then sequencing
was performed to confirm the possible mutations. Finally, a new
C/T polymorphism, which changes the coding amino acid from
serine (TCG) to leucine (TTG), was identified[17]. PCR-RFLP
was carried out to identify the genotype of iNOS according to
the features of SNP, which created a restriction enzyme
recognition site of Tsp 509 I. Genomic DNA was amplified with
primers F: 5’-TGTAAACCAACTTCC GTGGTG-3’ (Tm =  60.82 )
and R:  5’-GTCTCTGCGGGTCTGAGAAG-3’ (Tm = 60.14 ).
PCR was performed in a MJRESEARCH PCR system (PTC-225,
USA), and in a 10 µL reaction volume containing 1µL 10×PCR
buffer, 1.6 µL dNTPs (1.25 µmol/L), 0.2 µL MgCl2 (25 mmol/L),
primers (20 µmol/L, Resgen Corp.) at 0.15 µL each, DMSO 0.5 µL,
6.34 µL dH2O, 50 ng genomic DNA dried on the plate, and Hot
Start Taq DNA polymerase 0.06 µL (5 U/µL, Promega Corp.). Touch
down PCR procedure was used to amplify the target fragment.
After an initial denaturation at 94  for 15 min, amplification
was carried out for 10 cycles at 94  for 30 s, at 61  for 45 s,
at 72  for 45 s and decreasing 0.5  per cycle. Then amplification
was again carried out for 35 cycles at 94  for 30 s, at 56  for
45 s, and at 72  for 45 s, followed by a final elongation at 72 
for 7 min. Then, 10 µL PCR products was digested with 0.2 µL
Tsp 509 I (10 U/µL, NEB Corp.) in a 15 µL volume including 2 µL
10×buffer 1 (NEB Corp.), 0.15 µL BSA (100×) and 2.65 µL dH2O.
Digestion was performed for 15 h at 65 . The products were
then electrophoresed on a 30 g/L agarose gel to allow
unambiguous detection with ethidium bromide staining.
Homozygous wide-type individuals (CC) showed 113 bp and
175 bp fragments, heterozygous individuals (CT) showed three
bands: 113 bp, 142 bp and 175 bp, and homozygous rare allele
individuals (TT) showed two bands: 113 bp and 142 bp[17].
       H pylori CagA IgG antibody in plasma was measured by an
enzyme-linked immunosorbent assay (ELISA) kit offered by
Jingying Biotech Limited Company, Shanghai, China (batch
number 0052). The Absorbency at 450 nm was determined after
terminating the enzyme reaction. The cutoff value equaled to
the average A of the negative controls provided by the
manufacturer plus 0.3 A units. A values of samples equaled to
or higher than the cutoff point were considered positive.

Statistical analysis
All data were input double blinded into EPI-6 program by two
persons separately. After modifying all errors and non-logical
data, the differences in the relative associations between cases
and controls were assessed by calculating crude odds ratios
(OR) from contingency tables. The corresponding chi-square
test on the cancer patients and controls was carried out, and
95% confidence intervals (95% CI) were determined using the
Fisher exact test. A P-value <0.05 was considered statistically
significant. Unconditional logistic regression analysis was
performed in both univariate and multivariate models to assess
the association between iNOS functional polymorphism and
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gastric cancer susceptibility after adjusting for important
confounding factors such as age and sex. Test of trend and
interaction index (γ) that was determined by coefficient (β) in a
multiple logistic regression model were calculated through
logistic models based on dummy variables to examine the potential
gene-environment interaction[20]. All analyses were performed
with the SAS package Genmod (SAS Institute, Cary, NC).

RESULTS
Table 1 compares the characteristics of study subjects. The
mean age of cases was significantly greater than the controls
(59.36 vs 51.89, P<0.01). There was no significant difference in
the male/female ratio between cases and controls. The proportions
of past smokers and alcohol drinkers was significantly greater
in the cancer group (36.97% and 30.30%) than in the control
group (12.54% and 14.92%). However, there were more current
smokers and drinkers in the control (47.12% and 30.85%) than
in the case group (26.67% and 10.91%). Compared with controls,
cases were significantly less likely to be positive for H pylori
CagA antibody.
     The frequency of iNOS genotypes in gastric cancer and
control subjects showed no significant difference, although the

frequency of (CT+TT ) genotypes was slightly higher in cases
than in controls (24.48% versus 23.17%). A gene dose-response
effect was not observed, i.e. the effect of heterozygote (CT)
genotypes did not lie at or between the homozygotes (CC and TT).
      For (CT+TT) the genotype frequency of iNOS in the past
smoking subgroup, there were significant differences between
the total cases and the controls and between GCC group and
controls with an OR of 3.62 (95% CI: 1.23-10.64) and 4.63 (95%
CI: 1.15-18.58), respectively. No significant difference was found
between IGC cases and controls (Table 2). Although no gene
dose-response effect was observed in heterozygote (CT) and
homozygote (TT) individuals because of the small number in
each cell, there was still a possible interaction between C/T
polymorphism and past cigarette smoking in increasing the
risk of GCC. In the past alcohol drinkers, there were significant
differences in the C/T polymorphism between total cases and
controls and between IGC group and controls with an OR of
3.33 (95% CI: 1.14-9.67) and 3.42 (95% CI: 1.03-11.35),
respectively. No significant difference between GCC group and
control group was found (Table 3). In H pylori CagA negative
group, subjects with (CT+TT) genotypes had significantly
increased risk of both IGC and GCC, with an OR of 2.19 (95% CI:
1.01-4.76) and 3.52 (95% CI: 1.44-8.61), respectively. H pylori

Table 1  Covariate distribution among study subjects and ORs for gastric cancer

Characteristics    No Cases (%) (n = 165)           No. Controls (%) (n = 295)     OR (95% CI)

Age (yr)
Mean (yr±SD) 59.36±9.29a              51.89±10.24
Min. (yr)       34.72                  30.77
Max. (yr)       81.95                  78.21

Gender
Male (%) 110 (66.67)              190 (64.41)
Female (%)   55 (33.33)              105 (35.59)
Ratio       2.00:1                   1.81:1

Smoking habit
Never   60 (36.36)               119 (40.34)         1.00
Current   44 (26.67)               139 (47.12) 0.26 (0.15–0.46)b

Past   61 (36.97)                 37 (12.54) 3.15 (1.77–5.61)b

Alcohol habits
Never   97 (58.79)               160 (54.24)          1.00
Current   18 (10.91)                 91 (30.85) 0.18 (0.10–0.35)b

Past   50 (30.30)                 44 (14.92) 1.80 (1.06–3.08)
Plasma H Pylori CagA antibody

Negative 136 (82.42)               107 (49.31)          1.00
Positive   29 (17.58)               110 (50.69) 0.18 (0.11–0.31)b

iNOS genotyping
CC 108 (75.52)               189 (76.83)          1.00
CT   33 (23.08)                 49 (19.92) 1.15 (0.68–1.96)
TT     2 (1.40)                   8 (3.25) 0.42 (0.08–2.16)
CT+TT   35 (24.48)                 57 (23.17) 1.03 (0.59–1.79)

aP<0.05 vs control group after adjusted for age and gender, bP<0.01 vs control.

Table 2  Interaction between C/T polymorphism and past cigarette smoking for the risk of gastric cancer

C/T                    Past         Total cases        Controls      OR1          95%CI         IGC       OR2         95%CI            GCC       OR3         95%CI
polymorphism    smoking (n = 143)         (n = 246)   (n = 93)     (n = 50)

CC                     No                   67                  162       1.00     46         1.00         21        1.00
CT+TT                     No                   22                   51       0.98       0.55-1.78       12       0.75        0.36-1.54         10        1.44      0.63-3.27
CC                     Yes                  41                   27       2.92       1.53-5.57       27       2.47        1.19-5.09         14        3.65      1.42-9.38
CT+TT                     Yes                  13                       6       3.62       1.23-10.64           8       3.06        0.91-10.35         5        4.63       1.15-18.58

1Adjusted for age and gender, χ2
trend = 26.26, df = 1, P = 0.00, γ = 1.29/1.07 = 1.21 2Adjusted for age and gender, χ2

trend = 18.40, df = 1,
P = 0.00, γ = 1.12/0.90 = 1.24 3Adjusted for age and gender, χ2 trend = 17.53, df = 1, P = 0.00, γ = 1.53/1.29 = 1.19.
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CagA positivity showed significant protective effects in IGC
group in both on CC and CT+TT iNOS genotypes, with an OR
of 0.24 (95% CI: 0.07-0.89) and 0.34 (95% CI: 0.17-0.70),
respectively. However, no significant association was observed
between iNOS genotypes and  GCC (Table 4).

DISCUSSION
H pylori infection could produce a state of chronic immuno-
stimulation in gastric epithelium[21]. It could lead to changes in
many factors that are important in the pathogenesis of gastric
cancer, including reactive oxygen and nitrogen oxide species [22].
NO, a potentially toxic gas with free radical properties is one of
the most important bio-regulatory and signaling molecules
produced in the process. It has been recently reported that NO,
acting as a messenger molecule mediating various physiological
functions[23,24], may also play a role in the process of carcinogenesis.
      It has been found that NO is synthesized enzymatically
from L-arginine by NO synthase[23,25]. Chronic infection and
immuno-stimulation elevate endogenous synthesis of NO. High
concentration of NO generated by macrophages after iNOS
induction contributed to their cytotoxic and carcinogenic
activity[26]. There is now increasing evidence that NO produced
by activated phagocytes may play a role in multistage carcinogenesis
by mediating DNA damage[27,28]. A to T substitution in the iNOS
gene, leads to more activated iNOS expression in the target
cells, and finally elevates NO to a high level. Hence, it is reasonable
to assume that human iNOS gene may be another important candidate
gene for the development of gastric cancer by elevating NO
production in target cells when functional polymorphisms
occur. Nevertheless its genomic localization at chromosome
17q11.2[29] was not the same as other gastric cancer susceptible
genes related to the inflammatory response pathway, such as
interleukin 1β and interleukin 1RN, located at 2q14[30]. The key
question for gastric cancer agents is how H pylori infection
could be associated with such totally divergent clinical
outcomes as gastric cancer and peptic ulcer disease. A large
number of previous studies have focused on the role of the
bacterial virulence factors that contribute to the degree of tissue
damage in the pathogenesis of these diseases. But these results
still could not explain the different outcomes[2,22,31]. With the
development of a key concept about the interaction between

acid secretion and H pylori-induced gastritis during 1990 s, El-
Omar proposed the idea for the first time that host genetic
factors relevant to pro-inflammatory responses might be relevant
to the development of gastric cancer. They explored a candidate
IL-1β gene in the context of H pylori related disease[32,33]. Because
IL-1β can also induce the expression of many other genes,
including pro-inflammatory mediator iNOS, by either regulating
at the transcriptional level or initiating their mRNA[8,9,34], it is
easy to consider that functional polymorphisms occurring in
the iNOS gene might also contribute to the increased risk of
H pylori related gastric cancer.
     We have previously reported a newly discovered C/T
polymorphism in a Chinese population[17] that had a high mutated
allele frequency (24.4%). A report by Johannesen also showed
that C/T polymorphism was one of the most frequent SNPs
among 10 polymorphisms of human iNOS gene identified in a
Danish population. They suggested that the amino acid change
in exon 16 might be of functional interest[9]. Our results showed
no significant difference in the frequency of (CT+TT) genotypes
between cases and controls, and no apparent gene dose-response
effect was found. However, in past cigarette smokers and past
alcohol drinkers, C/T polymorphism significantly increased the
risk of gastric cancer despite the histological subtypes differed,
i.e. past cigarette smokers with (CT+TT) genotypes had an
increased risk of IGC, while past alcohol drinkers with (CT+TT)
genotypes had increased risk of GCC. These findings suggest
that C/T polymorphism in iNOS gene alone is not sufficient to
show the increasing risk of gastric cancer. The importance of
the interaction between C/T polymorphism and cigarette smoking
or alcohol drinking varied depending on different histological
subtypes of gastric cancer. Similar results were found by Machado
for IL-1 genetic markers[35]. Although these findings were not
the major hypothesis we proposed, it is biologically plausible
that oxidative stress due to carcinogenesis in cigarette might
attribute to the increase of gastric cancer risk through interactions
with iNOS C/T polymorphism. Larger and independent studies
are needed to confirm these findings.
       In the H pylori CagA positive group, regardless of whether
subjects had CC or (CT+TT) genotypes, we always observed a
significant protective effect when comparing IGC cases with
controls. This suggests that plasma positive for H pylori CagA
antibody in a highly infected area plays a protective role. This

Table 3  Interaction between C/T polymorphism and past alcohol drinking for the risk of gastric cancer

C/T                      Past alcohol    Total cases    Controls      OR1        95%CI        IGC        OR2        95%CI       GCC       OR3        95%CI
polymorphism       drinking      (n = 143) (n = 246)                                       (n = 93)                           (n = 50)

CC            No            76     157        1.00         53        1.00        23      1.00

CT+TT            No            24       51        0.83      0.46-1.50         13        0.62       0.30-1.28        11      1.22       0.55-2.70

CC            Yes            32       32        1.34      0.72-2.52         20        1.36       0.67-2.75        12       1.27       0.50-3.19

CT+TT            Yes            11           6        3.33      1.14-9.67           7       3.42        1.03-11.35        4      3.25       0.80-13.13

1Adjusted for age and gender, χ2
trend = 10.29, df = 1, P = 0.001, γ = 1.20/0.30 = 4.00 2Adjusted for age and gender, χ2

trend = 5.65, df = 1,
P = 0.017, γ = 1.23/0.31 = 3.97 3Adjusted for age and gender, χ2

trend = 8.95, df = 1, P = 0.003, γ = 1.18/0.24 = 4.9.

Table 4  Interaction between C/T polymorphism and H pylori CagA status for the risk of gastric cancer

C/T   CagA      Total cases    Controls OR1     95%CI    IGC        OR2       95%CI   GCC       OR3         95%CI
polymorphism antibody     (n = 143)    (n = 178) (n = 93) (n = 50)

CC     No 87          64 1.00      61     1.00     26      1.00

CT+TT     No 28          19 2.53   1.29-4.98      17     2.19      1.01-4.76     11      3.52         1.44–8.61

CC     Yes 21          73 0.45   0.25-0.81      12     0.34      0.17-0.70        9      0.76         0.33-1.73

CT+TT     Yes   7          22 0.43   0.17-1.10         3     0.24      0.07-0.89        4      0.86         0.27-2.79

1Adjusted for age and gender, χ2
trend = 33.40, df = 1, P = 0.00, γ = -0.84/-0.79 = 1.06 2Adjusted for age and gender, χ2

trend = 28.53, df = 1,
P = 0.00, γ = -1.41/-1.08 = 1.31 3Adjusted for age and gender, χ2 trend = 12.42, df = 1, P = 0.0004, γ = -0.15/-0.27 = 0.56.
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is in concordance with the finding that H pylori density became
progressively lower with progression from mild gastritis to
severe gastritis, atrophy, intestinal metaplasia and finally gastric
cancer[29]. In H pylori CagA negative subjects with (CT+TT)
genotypes, a high risk was found for gastric cancer group
(OR = 2.53, 95% CI: 1.29-4.98) and both subgroups (IGC and
GCC). No interaction was found between iNOS genotype and
infection with H pylori CagA strains.
      iNOS protein is a catalytic enzyme with two domains. In
terms of functional importance, the deletion mutants retained
maximal NO activity at lower concentrations of free Ca2+

compared with the wild-type[36]. Identified C/T polymorphism
in E16 of iNOS was located at the N-terminal of six amino acids
from the deletion reported by Daff et al., and the amino acid
change in E16 might be of functional interest[9]. To our knowledge,
this study was the first one to examine the significance of iNOS
polymorphism in gastric cancer. A research on other type of
disease might support our observation[9]. Gastric cancer patients
having allele T polymorphism could have an increased expression
of iNOS, resulting in higher levels of NO in gastric mucosa,
mediating many pathological changes and finally leading to
carcinogenesis in these patients. But specific functional tests
of C/T shift need to be performed to substantiate the putative
importance of the Ser608Leu locus in gastric cancer development.
    Potential weaknesses in our study include possible
recruitment bias in the selection of controls including cases’
siblings. This kind of selection might create overmatching.
Siblings were more likely to have the same genotypes as the
cases than the non-blood related controls, thereby leading to
some loss of statistical efficiency, i.e., larger sample sizes were
required to attain the same statistical precision[37]. Thus, our
data may be more likely to underestimate the true effect of iNOS
T alleles on the risk of gastric cancer. But others considered that
the use of sibling controls could generally improve efficiency for
gene-environment interactions[38,39]. We could not rule out the
potential influence of systematic differences between participants
and non-participants.
      In conclusion, the risk of gastric cancer is increast among
past cigarette smoking or alcohol drinking individuals with a C/T
polymorphism in E16 of iNOS gene in a Chinese population. But
the findings need to be confirmed in other ethnic populations.

ACKNOWLEDGEMENTS
We thank Zhao-Xi Wang for his excellent technical assistance;
and Professor Regina M. Santella and Dr. Yu-Jing Zhang for
editing the manuscript. We also thank all the doctors for their
kind help in collecting the biological samples and epidemiological
data. We thank all participatants for their co-operation.

REFERENCES
1 Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide

incidence of 25 major cancers in 1990. Int J Cancer 1999; 80:
827-841

2 El-Omar EM, Chow WH, Rabkin CS. Gastric cancer and H pylori:
Host genetics open the way.  Gastroenterology 2001; 121:
1002-1004

3 Correa P. Human gastric carcinogenesis: a multistep and mul-
tifactorial process-first american cancer society award lecture
on cancer epidemiology and prevention. Cancer Res 1992; 52:
6735-6740

4 Komoto K, Haruma K, Kamada T, Tanaka S, Yoshihara M,
Sumii K, Kajiyama G, Talley NJ. Helicobacter pylori infection
and gastric neoplasia: correlations with histological gastritis
and tumor histology. Am J Gastroenterol 1998; 93: 1271-1276

5 Schistosomes, liver flukes and Helicobacter pylori. IARC Work-
ing Group on the Evaluation of Carcinogenic Risks to Humans.
Lyon, 7-14 June 1994. IARC Monogr Eval Carcinog Risks Hum
1994; 61: 1-241

6 Felley CP, Pignatelli B, Van Melle GD, Crabtree JE, Stolte M,
Diezi J, Corthesy-Theulaz I, Michetti P, Bancel B, Patricot LM,
Ohshima H, Felley-Bosco E. Oxidative stress in gastric mucosa
of asymptomatic humans infected with Helicobacter pylori: ef-
fect of bacterial eradication. Helicobacter 2002; 7: 342-348

7 Vallance P, Collier J. Biology and clinical relevance of nitric
oxide. Br Med J 1994; 309: 453-457

8 Stuehr DJ. Mammalian nitric oxide synthases. Biochim Biophys
Acta 1999; 1411: 217-230

9 Johannesen J, Pie A, Paiot F, Kristiansen OP, Karlsen AE, Nerup
J. Linkage of the human inducible nitric oxide synthase gene to
type 1 diabetes. J Clin Endocrinol Metab 2001; 86: 2792-2796

10 Xu W, Charles IG, Liu L, Moncada S, Emson P. Molecular
cloning and structural organization of the human inducible
nitric oxide synthase gene (NOS2). Biochem Biophys Res Commun
1996; 219: 784-788

11 Mannick EE, Bravo LE, Zarama G, Realpe JL, Zhang XJ, Ruiz
B, Fontham ET, Mera R, Miller MJ, Correa P. Inducible nitric
oxide synthase, nitrotyrosine, and apoptosis in Helicobacter py-
lori gastritis: effect of antibiotics and antioxidants. Cancer Res
1996; 56: 3238-3243

12 Wee A, Kang JY, Teh M. Helicobacter pylori and gastric cancer:
correlation with gastritis, intestinal metaplasia, and tumour
histology. Gut 1992; 33: 1029-1032

13 Rajnakova A, Goh PM, Chan ST, Ngoi SS, Alponat A,
Moochhala S. Expression of differential nitric oxide synthase
isoforms in human normal gastric mucosa and gastric cancer
tissue. Carcinogenesis 1997; 18: 1841-1845

14 Blaser MJ, Perez-Perez GI, Kleanthous H, Cover TL, Peek RM,
Chyou PH, Stemmermann GN, Nomura A. Infection with
Helicobacter pylori strains possessing CagA is associated with
an increased risk of developing adenocarcinoma of the stomach.
Cancer Res 1995; 55: 2111-2115

15 Goto T, Haruma K, Kitadai Y, Ito M, Yoshihara M, Sumii K,
Hayakawa N, Kajiyama G. Enhanced expression of inducible
nitric oxide synthase and nitrotyrosine in gastric mucosa of
gastric cancer patients. Clin Cancer Res 1999; 5: 1411-1415

16 Stadtlander CT, Waterbor JW. Molecular epidemiology, patho-
genesis and prevention of gastric cancer. Carcinogenesis 1999;
20: 2195-2208

17 Shen J, Wang RT, Wand LW, Wang ZX, Xing HX, Wang BY,
Guo CH, Wang XR, Xu XP. Ser/Leu polymorphism of iNOS
gene was found and identified in Chinese by denaturing high
performance liquid chromatography. Peking Daxue Xuebao 2001;
33: 486-492

18 Laurén P. The two histological main types of gastric carcinoma:
diffuse and so-called intestinal-type carcinoma. An attempt at
a histo-clinical classification. Acta Pathol Microbiol Scand 1965;
64: 31-49

19 Shen J, Wang R, Wang Z, Xing H, Wang L, Wang B, Li M, Hua
Z, Wang J, Guo C, Wang X, Xu X. The distributive features of
three kinds of metabolic genes polymorphisms in population
of Han nationality in south area of China. Zhonghua Yixue
Yichuanxue Zazhi 2002; 19: 302-307

20 Taioli E, Zocchetti C, Garte S. Models of interaction between
metabolic genes and environmental exposure in cancer
susceptibility. Environ Health Perspect 1998; 106: 67-70

21 Shapiro KB, Hotchkiss JH. Induction of nitric oxide synthesis
in murine macrophages by Helicobacter pylori. Cancer Lett 1996;
102: 49-56

22 El-Omar EM. The importance of interleukin 1 beta in Helicobacter
pylori associated disease. Gut 2001; 48: 743-747

23 Moncada S, Palmer RM, Higgs EA. Nitric oxide: physiology,
pathophysiology, and pharmacology. Pharmacol Rev 1991; 43:
109-142

24 Son HJ, Rhee JC, Park DI, Kim YH, Rhee PL, Koh KC, Paik SW,
Choi KW, Kim JJ. Inducible nitric oxide synthase expression in
gastroduodenal diseases infected with Helicobacter pylori.
Helicobacter 2001; 6: 37-43

25 Forstermann U, Schmidt HH, Pollock JS, Sheng H, Mitchell
JA, Warner TD, Nakane M, Murad F. Isoforms of nitric oxide
synthase. Characterization and purification from different cell
types. Biochem Pharmacol 1991; 42: 1849-1857

26 Grisham MB, Ware K, Gilleland HE Jr, Gilleland LB, Abell CL,
Yamada T. Neutrophil-mediated nitrosamine formation: role

3282         ISSN 1007-9327    CN 14-1219/ R      World J Gastroenterol    November 15, 2004   Volume 10   Number 22



of nitric oxide in rats. Gastroenterology 1992; 103: 1260-1266
27 Esumi H, Tannenbaum SR. US-Japan Cooperative Cancer Re-

search Program: seminar on nitric oxide synthase and
carcinogenesis. Cancer Res 1994; 54: 297-301

28 Ohshima H, Bartsch H. Chronic infections and inflammatory
processes as cancer risk factors: possible role of nitric oxide in
carcinogenesis. Mutat Res 1994; 305: 253-264

29 Marsden PA, Heng HH, Duff CL, Shi XM, Tsui LC, Hall AV.
Localization of the human gene for inducible nitric oxide synthase
(NOS2) to chromosome 17q11.2-q12. Genomics 1994; 19: 183-185

30 Patterson D, Jones C, Hart I, Bleskan J, Berger R, Geyer D,
Eisenberg SP, Smith MF Jr, Arend WP. The human interleukin-
1 receptor antagonist (IL1RN) gene is located in the chromo-
some 2q14 region. Genomics 1993; 15: 173-176

31 Graham DY, Yamaoka Y. Disease-specific Helicobacter pylori
virulence factors: the unfulfilled promise. Helicobacter 2000; 5
(Suppl 1): S3-S9

32 El-Omar EM, Carrington M, Chow WH, McColl KE, Bream
JH, Young HA, Herrera J, Lissowska J, Yuan CC, Rothman N,
Lanyon G, Martin M, Fraumeni JF Jr, Rabkin CS. Interleukin-1
polymorphisms associated with increased risk of gastric cancer.
Nature 2000; 404: 398-402

33 El-Omar EM, Carrington M, Chow WH, McColl KE, Bream
JH, Young HA, Herrera J, Lissowska J, Yuan CC, Rothman N,

Lanyon G, Martin M, Fraumeni JF Jr, Rabkin CS. The role of
interleukin-1 polymorphisms in the pathogenesis of gastric
cancer. Nature 2001; 412: 99

34 Cho HJ, Xie QW, Calaycay J, Mumford RA, Swiderek KM, Lee
TD, Nathan C. Calmodulin is a subunit of nitric oxide syn-
thase from macrophages. J Exp Med 1992; 176: 599-604

35 Machado JC, Pharoah P, Sousa S, Carvalho R, Oliveira C,
Figueiredo C, Amorim A, Seruca R, Caldas C, Carneiro F,
Sobrinho-Simoes M. Interleukin 1B and interleukin 1RN poly-
morphisms are associated with increased risk of gastric
carcinoma. Gastroenterology 2001; 121: 823-829

36 Daff S, Sagami I, Shimizu T. The 42-amino acid insert in the
FMN domain of neuronal nitric-oxide synthase exerts control
over Ca(2+)/calmodulin-dependent electron transfer. J Biol
Chem 1999; 274: 30589-30595

37 Thomas DC, Witte JS. Point: population stratification: a prob-
lem for case-control studies of candidate-gene associations?
Cancer Epidemiol Biomark Prev 2002; 11: 505-512

38 Gauderman WJ, Witte JS, Thomas DC. Family-based associa-
tion studies. J Natl Cancer Inst Monogr 1999; 26: 31-37

39 Witte JS, Gauderman WJ, Thomas DC. Asymptotic bias and
efficiency in case-control studies of candidate genes and gene-
environment interactions: basic family designs. Am J Epidemiol
1999; 149: 693-705

Edited by Xia HHX and Wang XL  Proofread by Xu FM

Shen J et al. Correlation of nitric oxide synthase with gastric cancer        3283



PO Box 2345, Beijing 100023, China                                                                                                                                                                  World J Gastroenterol  2004;10(22):3284-3288
Fax: +86-10-85381893                                                                                                                                                                                                                                 World Journal of Gastroenterology
E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                   Copyright © 2004 by The WJG Press ISSN 1007-9327

• H pylori •

A new subtype of 3’ region of cagA gene in Helicobacter pylori strains

isolated from Zhejiang Province in China

Ran Tao, Ping-Chu Fang, Hai-Yan Liu, Yun-Shui Jiang, Jing Chen

Ran Tao, Ping-Chu Fang, Hai-Yan Liu, Yun-Shui Jiang, Jing Chen,
Department of Medical Microbiology and Parasitology, Zhejiang
University School of Medicine, Hangzhou 310006, Zhejiang Province,
China
Supported by China Medical Board, No. 96-628, and Natural Science
Fund of Zhejiang Province, No. 302023
Correspondence to: Professor Ping-Chu Fang, Department of Medical
Microbiology and Parasitology, Zhejiang University School of
Medicine, 353 Yan’an Road, Hangzhou 310006, Zhejiang Province,
China.  fangpc@zju.edu.cn
Telephone: +86-571-87217403
Received: 2004-04-15    Accepted: 2004-05-09

Abstract

AIM: To isolate the subtypes of 3’ region of cagA gene in
Helicobacter pylori (H pylori) strains from Zhejiang Province
in China and to investigate their relations to H pylori-associated
gastroduodenal diseases.

METHODS: One hundred and thirty-seven H pylori clinical
strains were isolated from the gastric mucosa specimens
of 74 patients with chronic gastritis, 61 with peptic ulceration,
and 2 with gastric cancer. Bacterial genomic DNA was
extracted and 3’ region of cagA gene was amplified by
polymerase chain reaction (PCR). Subtypes of 3’ region of
cagA gene were determined by the size of PCR amplified
segments. The sequences of the subtypes were analyzed
by PCR-based sequencing.

RESULTS: Of the 137 H pylori isolates from Zhejiang Province,
132 (96.4%) yielded PCR products that could be classified
into three groups of subtypes, named as subtypes I, II,
and III according to their sizes. The sizes of subtypes I, II,
and III were 648-650 bp, 705-707 bp, and 815 bp, respectively.
Among the 132 cagA-positive H pylori strains, 123 (93.2%)
belonged to the group of subtype I, 6 (4.5%) presented
subtype II, 1 (0.8%) was subtype III, and 2 (1.5%) presented
subtypes I and III both. The primary structure of subtype I
was composed of 3 repeats of R1, 1 repeat of R2 and 1
repeat of R3. Subtype II possessing 4 repeats of R1, 2
repeats of R2 and 1 repeat of R3 was a newly found type
of 3’ region of cagA gene which had not been reported
before. The primary structure of subtype III consisted of 4
repeats of R1, 1 repeat of R2 and 2 repeats of R3. Comparison
of the sequences of subtype I strains with the corresponding
sequences deposited in GenBank, showed a similarity of
95.0% (94.0-96.1%) for nucleotide sequences and 95.9%
(94.9-97.4%) for deduced amino acid sequences.
Comparison of the sequences of subtype III strains with
the corresponding sequences deposited in GenBank,
showed a similarity of 93.9% (90.8-96.9%) for nucleotide
sequences and 93.2% (90.2-96.2%) for deduced amino
acid sequences. Among subtype II strains, the nucleotide
and deduced amino acid sequences showed a similarity
of 95.2% (94.1-96.5%) and 96.4% (93.8-97.9%),
respectively. There were no statistical differences in the

distribution of subtypes of 3’ region of cagA gene among
different H pylori-associated gastroduodenal diseases
(χ2 = 11.544, P >0.05).

CONCLUSION: There are three subtypes (I, II, and III) of
3’ region of cagA gene in H pylori strains isolated from
Zhejiang Province, and subtypeIis predominant. Subtype
II is a newly found subtype of 3’ region of cagA gene. The
result of this study does not support the view that the
subtypes of 3’ region of cagA gene in H pylori isolated
from Zhejiang Province are correlated with the clinical
outcomes of H pylori infection.
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INTRODUCTION
Although Helicobacter pylori (H pylori) is present in stomachs
of at least half of the world’s population[1], only a small
proportion of the carriers develop symptomatic diseases[2]. The
clinical spectrum of H pylori infection ranges from asymptomatic
gastritis to peptic ulcer and gastric cancer[3]. The causes of different
outcomes of H pylori infection may include the virulence of
infectious strains, the susceptibility of hosts, and environmental
cofactors[4-8]. The cytotoxin-associated gene A (cagA) is
located at one end of a 40-kilobase DNA segment called cag
pathogenicity island (cag PAI), which contains open reading
frames encoding for a putative H pylori secretion system that
may be associated with export of virulence factors to the
extracellular compartment[9,10]. The presence of cagA gene
can be considered as a marker for cag PAI and is associated
with more virulent H pylori strains[11]. The structure of cagA
gene contains a 5’ highly conserved region and a variable 3’
region, in which the presence of a variable number of repeat
sequences results in a protein (CagA) with a molecular mass
of 120 to 140 ku[12]. Yamaoka et al.[13] from Japan found that
the structural organization of 3’ region of cagA gene in Japanese
H pylori isolates could be divided into four types (types A to
D), and type C was associated with gastric atrophy and
carcinoma. However, the genetic structure of 3’ region of
cagA gene in Chinese H pylori strains has been little exploited.
In this study, we attempted to investigate the subtypes of 3’
region of cagA gene in H pylori strains isolated from Zhejiang
Province in China and their relations to H pylori-associated
gastroduodenal diseases.

MATERIALS AND METHODS
H pylori isolates
A total of 137 H pylori isolates were obtained from H pylori-
infected patients at the Second Affiliated Hospital of Zhejiang
University and the Renmin Hospital of Daishan County in
Zhejiang Province. The patients, consisting of 95 men and 42



women with a mean age of 42.6 years (ranging from 16 to 71
years), were classified into 3 groups including chronic gastritis
(n = 74), peptic ulcer (n = 61), and gastric cancer (n = 2), according
to the results of endoscopic and histological examination.

H pylori culture
Bacteria isolated from biopsy specimens were cultured on ECY
selective solid medium[14] at 37  for 5 d, under 100% humidity
and microaerophilic conditions (50 mL/L O2, 100 mL/L CO2, and
850 mL/L N2). H pylori strains were identified by the following
criteria: Gram staining, colony morphology, rapid urease test,
and catalase test. The cultured bacteria were defined to be
H pylori if they formed typical colonies on the medium, were
negative Gram stain with curved or spiral shape, and positive
for urease and catalase production[15].

Preparation of H pylori genomic DNA
The bacteria were harvested from the agar plates, then genomic
DNA was extracted and purified from each H pylori isolate
using cetyltrimethyl ammonium bromide (CTAB), phenol-
chloroform-isoamyl alcohol, and ethanol precipitation[16].

Amplification of 3’ region of cagA gene by PCR
The primers 5’-ACCCTAGTCGGTAATGGGTTA-3’ (CAG1)
and 5’-GTAATTGTCTAGTTTCGC -3’ (CAG2) described by
Yamaoka et al.[13] were used to amplify 3’ region of cagA gene
in this study. PCR was performed in a volume of 25 µL
containing 2.5 µL of 10×PCR buffer, 2 µL of 25 mmol/L MgCl2,

2.5 µL of 2 mmol/L dNTPs, 0.5 µL of 20 µmol/L primer sets,
0.2 µL of Taq DNA polymerase, 1 µL of bacterial genomic
DNA, and 15.8 µL of H2O. PCR amplification was performed
as following: an initial denaturation at 95  for 3 min, followed
by 30 cycles, each consisting of denaturation at 94  for 30 s,
annealing at 56  for 30 s, and extension at 72  for 45 s. The
final cycle included a further extension at 72  for 7 min to
ensure the full extension of PCR products. PCR products were
analyzed by 20 g/L agarose gel electrophoresis with ethidium
bromide staining.

Sequences analysis
PCR products were purified with the DNA purification kit
(Shanghai Shenyou Biotechnology Co., Ltd.) according to the
manufacturer’s instructions. Purified PCR products were
consigned to Shanghai BioAsia Biotechnology Co., Ltd. for
sequencing. Biological software DNAssist (version 1.0) was
used to analyze the sequences of 3’ region of cagA gene and to
compare them with the corresponding sequences deposited in
GenBank.

Statistical analysis
The categorical data were analyzed using Chi-square (χ2) test,
and P<0.05 was considered statistically significance.

RESULTS

PCR products of 3’ region of cagA gene
PCR products of 3’ region of cagA gene were electrophoresed
on 20 g/L agarose gel (containing 0.5 µg/mL ethidium bromide).
Of the 137 H pylori strains isolated from Zhejiang Province,
132 (96.4%) strains yielded PCR products of three different
sizes. The three different-size PCR-amplified segments were
respectively named as subtype I (648-650 bp), subtype II
(705-707 bp), and subtype III (815 bp) (Figure 1). Among the
132 cagA-positive strains, 123 (93.2%) presented subtype I,
6 (4.5%) presented subtype II, 1 (0.8%) presented subtype III,
and 2 (1.5%) presented both subtypes I and III.

Figure 1  Amplified products of 3’ region of cagA gene by PCR
(20 g/L agarose gel electrophoresis) Lane 1: 100 bp DNA ladder;
Lane 2: subtype I (648 bp); Lane 3: subtype II (705 bp); Lane 4:
subtype III (815 bp); Lane 5: from a patient with both subtypes
I and III.

Sequence analysis of subtypes of 3’ region of cagA gene
The primary structure of 3’ region of cagA gene was composed
of a variable number of repeat regions, including R1 (15 bp), R2
(42 bp) and R3 (147 bp). The primary structures of the subtypes
of 3’ region of cagA gene in this study are illustrated in Figure 2.
The primary structure of subtype I was composed of 3 repeats
of R1, 1 repeat of R2 and 1 repeat of R3, so subtype I was equal
to type A in Japanese H pylori strains reported by Yamaoka
et al.[13]. The primary structure of subtype III consisting of 4
repeats of R1, 1 repeat of R2 and 2 repeats of R3 was similar to
that of type C reported by Yamaoka et al.[13]. Subtype II
possessing 4 repeats of R1, 2 repeats of R2 and 1 repeat of R3
had the primary structure not similar to any types reported by
Yamaoka et al[13] and was regarded as a newly found subtype
of 3’ region of cagA gene in H pylori. Comparison of the
sequences of 5 H pylori strains presented subtype I with the
corresponding sequences of a Japanese type A strain JK25
deposited in GenBank (GenBank accession number AF043487),
showed a similarity of 95.0% (94.0-96.1%) for nucleotide
sequences and 95.9% (94.9-97.4%) for deduced amino acid
sequences. Comparison of the sequences of 2 H pylori strains
presented subtype III (including a strain presented both
subtypes I and III) with the corresponding sequences of a
Japanese type C strain Jk269 deposited in GenBank (GenBank
accession number AF043489), showed a similarity of 93.9%
(90.8-96.9%) for nucleotide sequences and 93.2% (90.2-96.2%)
for deduced amino acid sequences. Among the 6 H pylori
strains presented subtype II in this study, the nucleotide and
deduced amino acid sequences showed a similarity of 95.2%
(94.1-96.5%) and 96.4% (93.8-97.9%), respectively. Alignments
of the deduced amino acid sequences of 5 strains presented
subtype I and 2 strains presented subtype III with the
corresponding sequences deposited in GenBank are illustrated
in Figure 3 A, B. Alignments of the deduced amino acid
sequences of 6 strains presented subtype II are also illustrated
in Figure 3 C.

Figure 2  Primary structures of three subtypes of 3’ region of
cagA gene R1: 15 bp repeat region; R2: 42 bp repeat region; R3:
147 bp repeat region.
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Relationship between subtypes of 3’ region of cagA gene and
gastroduodenal diseases
The distributions of the subtypes of 3’ region of cagA gene in
different groups of gastroduodenal diseases are demonstrated
in Table 1. Statistical analysis showed that there were no
significant differences among the subtypes of 3’ region of cagA
gene in different groups of gastroduodenal diseases (χ2 = 11.544).

Table 1  Relationship between subtypes of 3’ region of cagA
gene and different group of gastroduodenal diseases (n, %)

Group of               Subtype I   Subtype II Subtype III Subtypes  Total
diseases         I and III

Chronic gastritis  69 (95.8)      2 (2.8)        0 (0)         1 (1.4)       72
Peptic ulcer     53 (91.4)      3 (5.2)        1 (1.7)     1 (1.7)       58
Gastric cancer       1 (50.0)      1 (50.0)      0 (0)         0 (0)            2
Total   123 (93.2)      6 (4.5)        1 (0.8)      2 (1.5)     132

χ2 = 11.544, P = 0.17>0.05.

DISCUSSION
H pylori, a spiral shaped gastric organism, is the cause of chronic
gastritis, and plays an important role in the pathogenesis of
peptic ulceration, mucosa associated lymphoid tissue
lymphoma, and gastric adenocarcinoma[17-20]. It has been
reported that 50-60% of H pylori strains contain cagA gene
and consequently produce CagA protein[21]. The CagA is a
highly immunogenic outer membrane protein with a molecular
weight of 120 to 140 ku. Variation in size of the protein has been
correlated with the presence of a variable number of repeat
sequences located in 3’ region of the gene[22,23]. The biological
importance of the repeat sequences in 3’ region of cagA gene
remains unknown. Because CagA is strongly immunogenic, these
repeat sequences have been supposed to alter immunogenicity

of the protein[24]. This alteration in the gene and its protein
seems to correlate with clinical outcomes in vivo. The proportion
of cagA-positive H pylori isolates varies from one geographic
region to another. Studies from Japan, Korea, and China
have shown that more than 90% of H pylori strains are cagA-
positive[25-28], while in the United States of America, Canada,
and Europe, these percentages are lower[24,29,30]. Therefore, cagA
gene cannot be used as a marker for the presence of severe
gastroduodenal diseases in those regions where the prevalence
of cagA-positive H pylori strains is uniformly high. Since allelic
variation in cagA exists and distinct H pylori subtypes may
circulate in different regions, differences in cagA subtype might
provide a marker for differences in virulence among cagA-
positive H pylori strains[12].
      Yamaoka et al.[13] reported that 3’ region of cagA gene in
H pylori isolated from Japanese patients could be classified
into four types (types A, B, C, and D) depending on the types
and number of repeat regions including R1 (15 bp), R2 (42 bp)
and R3 (147 bp). The PCR products of type A ranged from 642
to 651 bp, and possessed 1 repeat of R2 and 1 repeat of R3. The
PCR products of type B and type D were all 756 bp, but type B
possessed 3 repeats of R2 and 1 repeat of R3, while type D had
2 repeats of R3 and no repeat of R2. Type C having 1 repeat of
R2 and 2 repeats of R3 yielded PCR products of 813-815 bp and
was associated with high levels of CagA antibody and severe
degrees of atrophy. The same authors have also found that the
sequences of the second repeat regions of 3’ region of cagA
gene in H pylori strains from East Asia are completely different
from those in strains from non-Asian countries[31]. Non-Asian
strains possess 102 bp second repeat regions, and East Asian
strains possess 162 bp second repeat regions[31,32].
     In the present study, we used the same PCR primers as
those described by Yamaoka et al.[13] and found 132 (96.4%) of
137 strains yielded amplified products. The high prevalence of
cagA-positive strains in Zhejiang Province was in accordance

Figure 3  Alignment of amino acid sequences of subtypes of 3’ region of cagA gene. A: Alignment of the deduced amino acid
sequences of subtype I strains with the sequence of the corresponding region of a Japanese type A strain JK25 (GenBank accession
number AF043487). Strain D2-173 was from a patient with chronic gastritis, and the remaining four strains were from patients
with peptic ulcer. B: Alignment of the deduced amino acid sequences of subtype III strains with the sequence of the correspond-
ing region of a Japanese type C strain JK269 (GenBank accession number AF043489). Strain D1-200 was from a patient with
chronic gastritis, and strain D2-123 was from a patient with gastric ulcer. C: Alignment of the deduced amino acid sequences of
six subtype II strains. Strain HZ65 and HZ71 were from patients with chronic gastritis, strain D2-40 was from a patient with
gastric cancer, and the remaining three strains were from patients with peptic ulcer.
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with the result of our previous study[33] and the findings in
other Chinese areas[11,27]. The PCR products could be classified
into three subtypes according to their sizes and were named as
subtype I, subtype II, and subtype III, respectively. The PCR
products of subtype I ranged from 648 to 650 bp and possessed
1 repeat of R2 and 1 repeat of R3, so subtype I was equal to
type A reported by Yamaoka et al.[13]. The predominance  of
subtype I strains (93.2%) in this study was in agreement with
that of type A strains (93.5%) in Japanese patients[13]. The size
and genetic structure of subtype III indicated that subtype III
in this study was equal to type C in Japanese strains[13]. Three
(including 2 multiple subtypes strains) of 132 cagA-positive
strains presented subtype III, and the prevalence of this subtype
(2.3%) was close to that of type C (4.5%). In contradiction to
the two above-mentioned subtypes, subtype II having the size
of PCR product of 705-707 bp and the structure of 2 repeats of
R2 and 1 repeat of R3 has not been reported before. Because
sequence analysis showed that the structure of subtype II still
accorded with the characteristics of 3’ region of cagA gene in
Asian strains, subtype II in this study was regarded as a new
subtype of 3’ region of cagA gene in Asian H pylori strains.
The fact that we did not find type B and type D reported by
Yamaoka et al.[13], but discovered a new subtype revealed the
diversity and randomicity of the assembling mode of repeat
regions located at 3’ region of cagA gene and the possibility
that this assembling mode varied in H pylori strains isolated
from different areas. In addition, 2 strains presenting more than
one subtype were observed in this study and thought to be
from the patients with multiple H pylori infection. Sequence
analysis revealed high similarities between the sequences of 3’
region of cagA gene in H pylori isolated from Zhejiang Province
and those in H pylori strains from Japanese patients and high
similarities among the 6 subtype II strains, so we could draw a
conclusion that despite of the genetic diversity of 3’ region of
cagA gene in H pylori strains isolated from Zhejiang Province,
the sequences of the same subtype were still conservative.
There were no significant differences among the subtypes of
3’ region of cagA gene in different groups of gastroduodenal
diseases, so the subtypes of 3’ region of cagA gene in H pylori
isolated from Zhejiang Province seemed not to be correlated
with the clinical outcomes of H pylori infection.
       In conclusion, there are three subtypes of 3’ region of cagA
gene in H pylori strains isolated from Zhejiang Province.
Subtype I is a predominant one and subtype II is a newly found
subtype of Asian H pylori strains. The result of this study
does not support the view that the subtypes of 3’ region of
cagA gene in H pylori isolated from Zhejiang Province are
correlated with the clinical outcomes of H pylori infection.
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Abstract

AIM: To clarify the role of cag pathogenicity island (cagPAI)
of Helicobacter pylori (H pylori ) in the pathogenicity and
immune prophylaxis of H pylori infection.

METHODS: Three pairs of H pylori including 3 strains of
cagPAI positive wildtype bacteria and their cagPAI knockout
homogenic mutants were utilized. H pylori  binding to the
gastric epithelial cells was analyzed by flow cytometry assays.
Apoptosis of gastric epithelial cells induced by H pylori was
determined by ELISA assay. Prophylaxis effect of the
wildtype and mutant strains was compared by immunization
with the sonicate of the bacteria into mice model.

RESULTS: No difference was found in the apoptasis between
cagPAI positive and knockout H pylori strains in respective
of the ability in the binding to gastric epithelial cells as well as
the induction of apoptosis. Both types of the bacteria were
able to protect the mice from the infection of H pylori after
immunization, with no difference between them regarding to
the protection rate as well as the stimulation of the proliferation
of splenocytes of the mice.

CONCLUSION: The role of cagPAI in the pathogenicity
and prophylaxis of H pylori infection remains to be cleared.

Lin HJ, Xue J, Bai Y, Wang JD, Zhang YL, Zhou DY. Pathogenicty
and immune prophylaxis of cag pathogenicity island gene
knockout homogenic mutants. World J Gastroenterol  2004;
10(22): 3289-3291

http://www.wjgnet.com/1007-9327/10/3289.asp

INTRODUCTION
Helicobacter pylori (H pylori) infected over half of human adults
in the world, especially in Asian-Pacific countries. Only a small
portion of patients display clinical symptoms such as peptic
ulcer and gastric cancer[1-14]. The difference between the infection
and the outcomes is determined by both bacterial factors and
host responses. Among the bacterial factors, cag pathogenicity
island (PAI) had been studied widely, while the immune
response to the infection is the overwhelming host factor that
affects the outcome of infection. In respect of the bacterial
factors, cytotoxin associated gene A (cag A) protein is usually
considered as a toxic marker of the bacterium. A related gene
cluster, PAI encodes several proteins with the similar biological
activities. To define the relationship bwteen cagPAI and the
pathogenicity of H pylori, three pairs of H pylori haboured

cagPAI and their isogenic PAI knockout mutants were utilized.
Their roles in the binding and apoptosis inducing activities as well
as the immune protection were compared in vivo and in vitro.

MATERIALS AND METHODS
Materials
CT, PKH26, PMA and Ionomycin were obtained from Sigma
Co. U.S.A; granulocyte-macrophage-colony-stimulating-faction
(GM-CSF) enzyme linked immunosorbent assay (ELISA) kit was
bought from Boehringer-Mannheim Co. German; Three pairs of H
pylori habouring cagPAI and their isogenic PAI knockout mutants
were provided kindly by Professor Peter B Ernst from DyKesas
University USA; H pylori strains and gastric epithelial cells
(Kato-III) were from the Research Institute of Digestive Disease,
Nanfang Hospital, First Military Medical University in
Guanzhou , China. H pylori strains are showed in Table 1.

Table 1  cagA positive wildtype bacteria and their cagA knock-
out homogenic mutants

H pylori cagPAI

LC11 + wildtype
AH244 knockou cagPAI knockout of LC11
84183 + wildtype
2-1 knockou cagPAI knockout of 84183
26695 + wildtype
8-1 knockou cagPAI knockout of 26695

Methods
H pylori culture and H pylori sonicate (SON) preparation
were performed by standard procedures  There was no difference
between the groups of wildtype and knockout bacteria in the
rate of growing (Figure 1).

Figure 1  Eqivalent growth of wildtype and knockout strains
after 2 d culture.

Flow cytometry was used to detect adhesion of H pylori binding
to gastric epithelial cells  H pylori strain (ATCC26695) was
marked by 10 mL/L PKH-26 and washed three times. The liqiud
after the third washing was used in the control groups, then
bound to gastric epithelial cells (KatoIII) (bactria/cells = 300:1),
and incubated at 37  for 60 min. After washed, the sample was
detected by FACs.
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ELISA was used to detect apoptosis of gastric epithelial cells
induced by H pylori  The basic mechanism was to detect the
release of DNA combined histone. Accroding to the recommended
procedures, cracked Kato-III cells with anti-histone monoclonal
antibody were incubated and color was developed after adding
substrate. Absorbency at the 405 nm level was measured in the
enzyme-tagging instrument. Then, the apoptotic index (AI) was
calculated in comparison with control group.
       Mice were divided into 4 groups, five mice each group,except
for the natural death. PBS Group: 200 µL PBS /one mouse was
fed once via mouth as negative control; CT Group: CT (10 µg)
200 µL/per mouse was fed once via mouth as adjuvant control
Group; CagPAI positive Group: ultrasonic smashed H pylori
26695 (100 µL)and CT (10 µg) was fed at a time via mouth;
CagPAI negative Group: ultrasonic smashed H pylori 8-1 (100 µL)
and CT (10 µg) were fed once via mouth.

Immunity procedures
Before immunization and inoculation of H pylori, the mice were
prohibited from water and food for over 12 h. Thirty min before
inoculation, the mouse was fed with 200 µL (0.01 mol/L) NaHCO3

solution to neutralize gastric acid. The experimental group and
the control group were inoculated with antigens and adjuvants,
immunized on d 0, 7, and 14. They were allowed to drink water
1 h after immunization. Each group was attacked with H pylori
108CFU once every other day, 3 wk after the latest immunization.
The mice were killed 8 wk after the latest attack.

Evaluation of bacterial implantation
The spleen and stomach were removed immediately after the
mouse neck was broke. The spleen was kept in the axenic cell
culture media temporarily and dealt with it for 4 h. The stomach
was cut along the greater curvature, washed with axenic fluid,
then some tissues were sampled for rapid urea enzyme test and
histological examination. Histological examination was graded
semi-quantitatively according to the standard as follows: 0 point:
no H pylori; 1 point: 1-2 H pylori in some gastric pits; 2 points:
3-10 H pylori in majority of gastric pits and 3 points: over 10
H pylori in majority of gastric pits.

Spleen cell proliferation text
Spleen tissue was triturated into homogenates at asepsis
environment. The spleen cells were counted and implanted in
the 96 well plate (2×105 cells/well) containing 500 ng/mL PMA
and 10 ng/mlionomycin RPMI1640 (including cow blood serum,
mycillin, Hepes ect), H pylori ultrasonic smashed antigen was
added into them in terms of 2.5, 5, 10 mg/mL, cultured for 24 h,
then H3-thymidine was added, and cultured for 8 h, then the
celt were collected and degraded. Each control group was
compared with the blank control group in the count, and the
proliferation quotiety was calculated. Differential proliferation
quotiety epuals each group’s proliferation quotiety/PBS
group’s proliferation quotiety ×100%.

Statistical analysis
Data and their variance were analyzed using EXCEL software.
P<0.05 was considered statistically significant.

RESULTS
Adherence of CagPAI and H pylori
CagPAI positive culture and mutant strains showed a different
bacteria/cell ratio, and were, marked with PKH26, then they
were incubated with stomach cell Kato-III, the adherence ability
was measured with flow cytometry positive cells and mean
fluorescence intensity (MFI) were calculated. No difference
was found between wild strain and mutant strain. The result
was displayed in Figure 2.

Figure 2  Binding of cag PAI wildtype H pylori and their mutant
to gastric epithelial cell Kato-III.

Apoptosis-induced ability of cagPAI and H pylori
CagPAI and mutant strain were cultured with gastric epithelia
cells at the ratio 300:1 for 24 h. The cells were degeaded, the
cell apoptosis was detected by ELISA. We found that the
apoptosis-induced ability of 26 695 was slighty higher than
that of 8-1 strain, and no diffirence was found in other couples.
The result is displayed in Figure 3.

Figure 3  Apotosis of gastric epithelial cells induced by positive
cagPAI and knockout H pylori strains (determined by ELISA
aP<0.05 vs the control).

Immune prevention to the cagPAI and H pylori
The protection rate of groups PBS ,CT, 26695 and 8-1 was 0%,
0%, 40%. 60% (Table 2). CagPAI positive strain ATCC26695
and mutant strain 8-1 companied with mucous membrane
adjuvant choleratoxin prevented H pylori from growing in the
stomach of mice. There was no difference between the CagPAI
positive strain and CagPAI negative strain. We found that full-
protect rate of the two H pylori immune group was only 20% or
so. It was found that immune was apparently decrease in semi-
quantitative counting. No obvious difference was found
between groups, and CT grouphad no prevention effect. The
result is displayed in Figure 4.

Table 2  Ultrasonic smashed substance’s protection against
mice H pylori (result of urease test)

Immune project       Urease test (+)/number      Protecting ratio (%)
 of animals (piece)

PBS            5/5                                    0

CT            5/5                                    0

26695 SON+CT            3/5                                  40a

8-1 SON+CT            2/5                                  60

aP<0.05, vs control groups.

LC11

84-183

26695

AH244

2-1

8-1

Control

H pylori binding cells

A
p
o
p
to

ti
c 

in
d
e
x

Control    LC11        84-183     26695

             AH244          2-1         8-1

3

2

1

0

Control

Cag PAI+

Cag PAI-

a a a a

a

a



Figure 4  Semi-quantatative results of bacteria by histological
examination. aP<0.05 vs PBS control.

cagPAI and cell Immune of mice H pylori
Comparing with PBS control, the CT control number of spleen cells
was slightly increased, but that of two H pylori antigen-immune
groups was greatly increased. The number of CagPAI mutant
strains was more obvious. Compared with the two groups, no
difference was found, (P<0.05, Figure 5).

Figure 5  Specific proliferation index of immunized mice
(compared to PBS group).

DISCUSSION
CagA is cytotoxin correlative protein, which is one of H pylori
nosogenetic factors. The PAI is regarded as one of the signs of
H pylori infection. Early researches found that this positive
sign was higher in peptic ulcer and gastric carcinoma than in
gastritis. For example, foreign reseachers found that anti-CagPAI
in serum was positive in 93% of the gastric carcinoma patients[2],
it is different in Asian-Pacitic area, the positive ratio of the bacterial
strain was much higher. A large number of reports approved that
the pathogenicity of CagA (+) was stronger than that of CagA (-),
inducing the production of IL-8 and GRO-α, ENA78 could produce
and activated related nucleic transcription factors[3]. Few reports
about comparson of wildtype strain isogenic mutant strain in
vitro were available. We studied three pairs of cagPAI wildtype
strain and cagPAI gene-knockout mutant strain constructed
by Dr. Bery. No difference was found between the growing
speed and activity of the two strains.
       Therer were many gene produces concerned with H pylori
adherence, including NLBH, porins, BabA etc[4-9]. Our study
showed that there was no difference in adherence to the epithelia
of stomach between cagPAI (+) strain and cagPAI (-) strain.
      CagPAI (+) strain could cause apoposis and proliferation in
stomach epithelia[10]. However, it was proved by ELISA in our
research that in vitro cagPAI was not concerned with apoptosis-
induced ability, which did agree with the result of Le’Negrate.
They found that cagE in cagPAI participated in the prosess of
Fas-induced H pylori causing stomach epithelial apoptosis
due to different the strain. we chose two stains in three pairs of
strains, so the result was probably accurate.
        In the immune prevention of H pylori infection, it was reported
that cagA could prevent infection of the cagPAI (+). In our research,
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SS1 strain which was used to infect animals was cag (+) strain,
but we found that there was no difference in preventive effect
between cagPAI (+) strain and mutant strain. Although there
was no statistical difference, mutant stain had a higher protective
trend. It showed that the immune prevention was not caused
by protein coded by cagPAI. We do not support regarding
cagPAI gene product is immune antigen of H pylori bacterin.
       Cellular immunity, especially CD4+T cellular immunity is a
very important mechanism , which can help B cells produce sIgA.
We selected the spleen cell proliferation test as the target in immune.
Because B cells could not live in vitro, the proliferation cells were
mainly T cells. Both cagPAI (+) and cagPAI (-) strain were stimulated
to proliferate T cells, indicating that some special T cells clones are
existed in spleen cells. The number of cagPAI mutant strains is
more than that of cagPAI (+) strains, agreeing with the histology.
       The effect of cagPAI on H pylori immune and pathogenesis
is very complex and needs further study.
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Abstract

AIM: To investigate the pathway (s) mediating rat antral circular
smooth muscle contractile responses to the cholinomimetic
agent, bethanechol and the subtypes of muscarinic receptors
mediating the cholinergic contraction.

METHODS: Circular smooth muscle strips from the antrum
of Sprague-Dawley rats were mounted in muscle baths in
Krebs buffer. Isometric tension was recorded. Cumulative
concentration-response curves were obtained for (+)-cis-
dioxolane (cD), a nonspecific muscarinic agonist, at 10-8-
10-4 mol/L, in the presence of tetrodotoxin (TTX, 10-7 mol/L).
Results were normalized to cross sectional area. A repeat
concentration-response curve was obtained after incubation
of the muscle for 90 min with antagonists for M1 (pirenzepine),
M2 (methoctramine) and M3 (darifenacin) muscarinic receptor
subtypes. The sensitivity to PTX was tested by the ip injection
of 100 mg/kg of PTX 5 d before the experiment. The antral
circular smooth muscles were removed from PTX-treated
and non-treated rats as strips and dispersed smooth muscle
cells to identify whether PTX-linked pathway mediated the
contractility to bethanechol.

RESULTS: A dose-dependent contractile response observed
with bethanechol, was not affected by TTX. The pretreatment
of rats with pertussis toxin decreased the contraction induced
by bethanechol. Lack of calcium as well as the presence of
the L-type calcium channel blocker, nifedipine, also inhibited
the cholinergic contraction, with a reduction in response
from 2.5±0.4 g/mm2 to 1.2±0.4 g/mm2 (P<0.05). The dose-
response curves were shifted to the right by muscarinic
antagonists in the following order of affinity: darifenacin
(M3)>methocramine (M2)>pirenzepine (M1).

CONCLUSION: The muscarinic receptors-dependent
contraction of rat antral circular smooth muscles was linked
to the signal transduction pathway(s) involving pertussis-toxin
sensitive GTP-binding proteins and to extracellular calcium
via L-type voltage gated calcium channels. The presence of
the residual contractile response after the treatment with
nifedipine, suggests that an additional pathway could mediate
the cholinergic contraction. The involvement of more than
one muscarinic receptor (functionally predominant type 3 over
type 2) also suggests more than one pathway mediating
the cholinergic contraction in rat antrum.

Wrzos HF, Tandon T, Ouyang A. Mechanisms mediating

cholinergic antral circular smooth muscle contraction in rats.
World J Gastroenterol  2004; 10(22): 3292-3298
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INTRODUCTION
The mechanisms involved in the regulation of cholinergic
contraction of intestinal smooth muscle are complex and not
fully understood, despite the important role of the cholinergic
system in the physiology of gastric emptying, and pathophysiology
of several motility disorders. Cholinergic agonists activate
muscarinic receptors which transduce cholinergic signals by
activating G proteins[1,2]. Different signal transduction pathways
in different species, as well as different pathways for the circular
and longitudinal layers of intestinal smooth muscle have been
reported[3-15].
       Specific muscarinic receptors are abundantly present in the
smooth muscles of gastrointestinal tract[16-22]. Muscarinic
receptor subtypes have shown a G-protein coupling specificity,
however the published data are inconsistent. In some studies
M1, M3, M5 receptor subtypes were preferentially coupled to
the Gq/11 protein class, the M2 and M4 receptors were linked to
the PTX-sensitive Gi/Go proteins[23-25], Whereas in other studies
muscarinic M2 receptors were insensitive to pertussis toxin[26].
      Relatively few references are published characterizing rat
stomach muscarinic receptor subtypes, again with conflicting
results. Prevalence of M3

[13,22,27], or of M1
[28], or M2 receptors[29-33]

has been reported. Which muscarinic receptor is more functionally
important in the cholinergic contraction of antral circular muscle
has not been determined.
       The aim of this study was to examine the signal transduction
pathway (s) mediating rat antral smooth muscle cholinergic
contraction to fill the existing knowledge gaps: (1) what type of
calcium channel was involved and was there a dependence on
extracellular Ca2+ influx; (2) whether PTX-sensitive- or PTX-
insensitive-G proteins coupled to muscarinic receptors were
involved; and (3) what subtypes of specific muscarinic receptors
were functionally involved. Determining the physiology of the
pathway (s) mediating cholinergic contraction of the antrum
should be helpful in understanding the functional motility
changes described in models of disease conditions, such as
diabetes[34-36]. Preliminary accounts of some of these observations
have been published in abstract form[37,38].

MATERIALS AND METHODS
Animals
Young adult male Sprague-Dawley rats (Charles River Breeding
Laboratories), weighing 200-450 g were used. Animals
were anesthetized by ip injection of sodium pentobarbital
(30-65 mg/kg). Anesthesia was given immediately before the
tissue removal to avoid the effect of anesthesia on the contractile
properties of the tissue. The abdomen was explored through
midline incision and the stomach was removed. After the tissue
was removed, animals were euthanized by injection of an
overdose of pentobarbital. All our studies were approved by
the Institutional Animal Care and Use Committee of the PSU
College of Medicine.



Smooth muscle strip bath preparation[39]

The antrum tissue was pinned in a dissecting dish in oxygenated
Krebs solution, mucosa was gently removed by scraping, and
strips were cut in the circular muscle orientation. The muscle
was oxygenated in Krebs physiological buffer containing
(in mmol/L) 130 Na, 4.7 K, 2.5 Ca, 1.0 Mg2, 140.7 Cl, 19 HCO3, 1.0
PO4

 and 10 glucose at 37 . The strips were sutured at one end
to a glass rod and at the other end to an inelastic wire. The tissue,
the rod and a wire were placed in a 10-mL double walled glass
chamber with a constant temperature 37 . Glass surfaces
were silicone coated with Sigmacote to prevent binding of the
peptides. The chambers were filled with 5 mL of Krebs buffer
and gassed with 95:5 mixture of O2/CO2. The free end of wire
was attached to an isometric force transducer (Grass Instrument
Co) and recordings were made on a multichannel rectilinear
dynograph recorder (Beckman Instruments). The strips were
allowed to equilibrate for 1 h. Tissues were stretched to an
initial length (Li) from which any additional stretch resulted in
an increase in tension. The isometric tension response to
bethanechol (10-4 mol/L) was noted. The strips were rinsed and
the length increased by 1 mm increment until the maximum
response to bethanechol (10-4 mol/L) was recorded. This length
was labeled Lo. All subsequent studies were conducted at this
length. Drugs were added to the tissue bath and the peak response
within 8 min was compared with the maximum tension recorded
during 5 min before addition of drugs. Antagonists were added
1 min before the addition of agonist. The peptidase inhibitors
bestatin and phosphoramidon (both at 10-6 mol/L) were added at
least 5 min before the agonist addition. The response was calculated
as the change in the maximal force of contraction in g of tension
normalized to the cross sectional area which was calculated as:
cross section (mm2) = weight (g)/specific density×length (mm),
where the specific density of muscle tissue = 1.056 (g/mm3).

Dispersed single muscle cell preparation[40,41]

Smooth muscle cells were isolated from the circular muscle
layer of the antrum. The mucosa was removed by dissection
and the longitudinal muscle layer (with enteric plexus ganglia)
was removed in strips using a Stadie-Riggs tissue slicer (Thomas
TM). The circular muscle layer was minced and incubated for
45 min twice in Hepes buffer containing collagenase (CLS type
II, Worthington) and 0.1 g/L soybean trypsin inhibitor at 31 .
Partially digested strips were washed with enzyme-free Hanks'
medium.  Muscle cells were allowed to disperse spontaneously
under the gentle force of bubbling 950 mL/L O2+50 mL/L CO2 for
30 min (no agitation), and then filtered through 500 µmol/L Nitinol
mesh, to the culture media. Viability was checked by trypan blue
exclusion test. Aliquots of cells were added to solutions containing
the agonists at room temperature. The reaction was stopped
after 30 min, by addition of acrolein to the final concentration of
1%. Aliquots were sealed under coverslips. Computerized image
analysis (NIH Image 1.62) was used for quantification. A scale
slide was used for reference. The length of single muscle cells
was measured (at least 50 cells per concentration).

Contractile response of antrum smooth muscle strips to cholinergic
agonist
To determine the effect of bethanechol on antrum circular
smooth muscle contraction, muscle strips were exposed to the
increasing doses of muscarinic agonist, bethanechol, at the
concentrations of 10-4 to10-7 mol/L in an organ bath.

Characteristics of effect of extracellular Ca2+ and type of calcium
channel involved
To determine whether cholinergic contraction depended on the
influx of extracellular Ca2+, the response to bethanechol chloride
in the physiological Krebs buffer was tested, then the buffer
was changed into Ca-free buffer (in mmol/L: NaCl 132.5; KCl 4.

7; MgCl2 1.0; NaH2PO4 1.2; NaHCO3 20.0; D-glucose 10; EGTA
(50 µmol/L), and contraction was subsequently recorded after
5 and 10 min.
       To characterize the type of calcium channel involved in the
cholinergic contraction, nifedipine (an L-type calcium channel
antagonist) was used. Nifedipine was dissolved in ethanol and
added to the physiological Krebs buffer at the concentration
of 10-5 mol/L[42] and contraction was recorded. Statistical
significance of the difference between contraction in the presence
and absence of nifedipine was calculated by paired t-test, the
results were considered statistically significant at P 0.05.

Treatment with pertussis toxin (PTX)
In order to determine whether PTX-sensitive pathway was
involved in cholinergic contraction, strips and dispersed muscle
cells (myocytes) isolated from the antrum of PTX-pretreated
and non-pretreated animals were compared.
      Rats were injected with 100 mg/kg of PTX (dissolved in
saline) intraperitoneally 5 d before the study[43]. Muscle strips
from PTX-treated and control rats in the tissue bath were exposed
to cholinergic agonist, bethanechol, at the concentration of 10-4

to 10-6 mol/L. Statistical significance of the difference between
the contraction of the muscle from PTX-pretreated and non-
treated rats was defined by non-paired t-test, the results were
considered statistically significant at P 0.05.
       The changes in the pattern of contraction of muscle cells in
dispersed cell suspension were also measured (detailed description
in the “dispersed muscle cell preparation” section of Materials
& Methods). Two concentrations of bethanechol (10-7 and
10-8 mol/L) were added to the cell suspensions in the tubes in
the physiological buffer. Their contractions were measured as
the percentage of the control cell diastolic length[44]. The mean
lengths of cells from control rats were compared to those of the
cells from PTX-treated animals. Results were presented as
mean±SE. Statistical significance of the difference was
calculated by the paired t-test, the results were considered
statistically significant at P 0.05.

Characterization of muscarinic receptor subtypes involved
For the characterization of muscarinic receptor subtypes
involved in cholinergic contraction we used a non-selective
muscarinic agonist, (+)-cis-Dioxolane[45,46] and relatively specific
receptor subtype antagonists.
      The conditions of organ bath were described above in the
“Smooth muscle strip bath preparation” section of Materials
and Methods. At the start of the experimental protocol, the
viability of each tissue was assessed by determining the contractile
response to bethanechol (10-4 mol/L). After washed, tissues
were re-equilibrated for 10 min and allowed to regain baseline
tension.  Cumulative concentration-effect curves of (+)-cis-
Dioxolane, (10-8 to 3×10-5 mol/L) were constructed for each
tissue. Tissues were then equilibrated in either the absence
(control) or presence of the antagonist for 90 min. Subsequently, a
second concentration-effect curve to (+)-cis-Dioxolane was
constructed. Smooth muscle strips were incubated with increasing
concentrations of antagonists demonstrating a relative specificity
for M1, M2 or M3 muscarinic receptor subtypes (pirenzepine,
methoctramine and darifenacin, respectively). Each antral smooth
muscle strip was exposed to only one concentration of antagonists
and incubated for 90 min at 37 , with a fresh antagonist added
to the medium every 30 min[47,48].
      The EC50 values for muscarinic antagonists were obtained
(i.e. antagonist concentration resulting in 50% of inhibition of
the contraction induced by cholinergic agonist, (+)-cis-
Dioxolane (10-6 mol/L).

Drugs
Tetrodotoxin (TTX), sigmacote, neurokinin A (NKA), nifedipine,
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papain, peptidase inhibitors bestatin and phosphoramidon, soybean
trypsin inhibitor, acrolein and pirenzepine (predominantly M1

muscarinic receptor antagonist), were from Sigma, St. Louis, MO.
       (+)-cis-dioxolane (cholinergic agonist) and methocramine
(predominantly M2 muscarinic receptor antagonist) were
purchased from RBI Inc., Natick, MA. PTX was purchased
from List Biological Labs, Inc., Campbell, CA. Bethanechol chloride
was purchased from Merck, West Point, PA and collagenase (CLS
type II) from Worthington, PA. Darifenacin (predominantly M3

muscarinic receptor antagonist) was a generous gift from Pfizer
Ltd, Sandwich, Kent, GB.

RESULTS
Dose-response curve to cholinergic agonist
A contractile dose-response was observed, when the antral
circular smooth muscle strips were exposed to the increasing
doses of muscarinic agonist, bethanechol, at the concentrations
of 10-4 to 10-7 mol/L in an organ bath. A significant increase of
the tension over the baseline was observed at the bethanechol
concentrations of 10-4 to 10-6 mol/L (Figure 1, n = 4).

Figure 1  Effect of bethanechol on smooth muscle contraction.
Antrum circular smooth muscle strips were incubated with increas-
ing concentrations of bethanechol (10-4 mol/L to 10-7 mol/L).
The vertical axis represents the developed  tension (in grams
per mm2). Bethanechol significantly increased circular muscle
tension (P<0.05; paired t- test). Each data point represents
mean±SE, n = 4.

Effect of tetrodotoxin (TTX)
Antrum circular smooth muscle strips were exposed to bethanechol
at the concentration of 10-5 mol/L, in a buffer containing
tetrodotoxin (10-5 mol/L), added prior to bethanechol to the organ
bath. The cholinergic contraction was not affected by tetrodotoxin,
neuronal toxin, with the contraction at 94.9±3.2% of control.
       The lack of inhibition of the contraction by TTX confirmed
that a cholinergic agonist could induce contraction via muscarinic
receptors present at the smooth muscle, without participation
of neuronal factor.

Effect of calcium depletion on cholinergic contraction and
characterization of a calcium channel subtype involved
Calcium-free buffer  Incubation in calcium-free buffer diminished
the antral contractile response to bethanechol (10-4 mol/L), with
a reduction in response from 2.5±0.4 g/mm2 to 1.2±0.4 g/mm2

(P<0.05) after 5 min of incubation in calcium-free buffer. After
10 min of incubation in Ca2+ -free buffer contractile activity was
almost abolished (Figure 2).
       Full recovery of the contraction was seen after return of the
Ca2+ to the tissue bath medium, indicating that there was no
damage to the cell resulting in a decreased contraction. These
results showed that cholinergic contraction was dependent on
the presence of extracellular calcium, a receptor-operated Ca2+

or voltage-sensitive Ca2+ channels.

Effect of calcium channel blocker  The L-type calcium channel
blocker, nifedipine at a concentration of 10-5 mol/L inhibited the
cholinergic contraction response of antrum to the bethanechol, at
the concentration of 10-4 mol/L from 4.02±0.9 to 0.49±0.18 g/mm2

(P<0.05), indicating that the L-calcium channel could mediate
this contraction.

Figure 2  Effect of depletion of Ca2+ from medium on the con-
traction of antral circular smooth muscle strips to bethanechol
(10-4 mol/L). Ca2+ depletion caused a significant decrease in the
muscle tension; after 5 min incubation (P<0.06, paired t-test);
and after 10 min incubation (P<0.005, paired t-test) compared
to the base contraction induced by bethanechol before Ca2+

depletion. Each data point represents mean±SE, n = 3.

Identification of G-protein-linked signal transduction pathway
by PTX
The response to bethanechol of antral circular muscle strips
and dispersed smooth muscle cells from PTX-pretreated and
control rats was compared (see Methods).
Smooth muscle strips  The contractile response to bethanechol
of the muscle strips from the PTX-pretreated animals was
significantly lower than that of the muscle strip from the non-
treated control rats at all concentrations, 10-6 to 10-4 mol/L
(Figure 3, P 0.01).

Figure 3  Effect of PTX on antrum circular smooth muscle
strips contraction to bethanechol (10-4 mol/L to 10-6 mol/L).
PTX significantly inhibited the contractile activity of the smooth
muscle (P 0.01; paired t-test) compared to control rats. Each
point represents mean±SE, n = 7; dotted bars represent control
animals; solid bars-PTX-pretreated animals.

       The inhibiting effect of PTX on the contraction implied that
cholinergic agonist was activating a PTX-sensitive pathway.
       A low level of residual contractile activity was observed in
the contraction of PTX-treated muscle strips suggesting either
that there was a small PTX-insensitive fraction involved, or
that the dose of PTX used was insufficient to completely inhibit
PTX-sensitive pathways.
Dispersed antral smooth muscle cells When dispersed myocytes
from PTX-treated rats and controls were compared, cells from
PTX-pretreated rats showed significantly less contraction to
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bethanechol than the cells isolated from the rats non-treated with
PTX, at both bethanechol concentrations, 10-8 and 10-7 mol/L
(Figure 4, P 0.005). The inhibiting effect of PTX on the
dispersed myocytes contraction, confirmed the smooth muscle
strip data and suggested that the cholinergic agonist involved
an occupation of specific muscarinic receptors coupled to PTX-
sensitive mediated pathway.

Figure 4  Effect of PTX on dispersed antral circular smooth
muscle myocytes from PTX-pretreated rats contraction to
bethanechol (10-7 mol/L and 10-8 mol/L). Myocytes from PTX-
treated rats contracted less than myocytes from control rats.
Each point represents mean±SE; of the percentage of the con-
trol cells diastolic length (no bethanechol). At least 50 myocytes
per point were calculated, P<0.005; n = 7 and 11. Dotted bars
represent control animals; solid bars PTX-pretreated animals.

Characterization of the type of muscarinic receptor subtypes
involved in contraction to cholinergic agonist  To define
pharmacologically the muscarinic receptors involved in the
cholinergic contraction, specific muscarinic receptor antagonists
were used in the presence of tetrodotoxin (10-7 mol/L).
      For this functional muscarinic receptor study we chose a
non-selective cholinergic agonist, (+)-cis-Dioxolane (see
Methods), instead of bethanechol, which has been reported to
selectively stimulate M3 receptor[45,46,49].
Pirenzepine,  the M1 muscarinic receptor antagonist, was used
at the concentrations from 3×10-5 to 10-8 mol/L. Pirenzepine caused
a significant inhibition of the of the contractile muscle response
to the (+)-cis-dioxolane (Figure 5).

Figure 5  Concentration-response curves for the contractile
effect of (+)-cis-Dioxolane alone and in combination with differ-
ent concentrations of M1 antagonist, pirenzepine (10-8 mol/L
to 10-5 mol/L) on the rat antral circular smooth muscle strips.
Each point represents the mean±SE, n = 6, 6, 7 and 8 strips.
Cumulative concentration-effect curve was constructed for each
strip for (+)-cis-Dioxolane, (10-8 to 3×10-5 mol/L). After washing,
strips were equilibrated in either the absence (control) or pres-
ence of pirenzepine for 90 min. Subsequently, the second con-
centration-effect curve for (+)-cis-Dioxolane was constructed
for each strip. Pirenzepine caused a significant inhibition of the
contractile muscle response to (+)-cis-dioxolane.

       Methocramine-M2 muscarinic receptor antagonist was used
at the concentration range between 3×10-5 and 10-8 mol/L.
Methocramine caused a significant inhibition of the of the
contractile muscle response to the (+)-cis-dioxolane (Figure 6).
       Darifenacin was used at the concentration range from 3×10-5

to 10-9 mol/L (Figure 7). Darifenacin caused a significant inhibition
of the contractile muscle response to the (+)-cis-dioxolane.

Figure 6  Concentration-response curves for the contractile
effect of (+)-cis-Dioxolane alone and in combination with dif-
ferent concentrations of M2 antagonist, methocramine (from
10-8 mol/L to 10-5 mol/L) on the rat antral circular smooth
muscle strips. Each point represents the mean±SE; n = 4, 9, 10
and 11 strips. First, cumulative concentration-effect curve was
constructed for each strip for (+)-cis-Dioxolane, (10-8 to 3×10-5

mol/L). After washing, tissues were equilibrated in either the
absence (control) or presence of methocramine for a 90 min.
Subsequently, the second concentration-effect curve for (+)-
cis-Dioxolane was constructed for each strip. Methocramine
caused a significant inhibition of the contractile muscle response
to (+)-cis-Dioxolane.

Figure 7  Concentration-response curves for the contractile
effect of (+)-cis-Dioxolane alone and in combination with
different concentrations of M3 antagonist, darifenacin (from
10-10 mol/L  to 10-6 mol/L) on the rat antral circular smooth
muscle strips. Each point represents the mean±SE; n = 4, 7, 11,
10 strips. First, cumulative concentration-effect curve was con-
structed for each strip for (+)-cis-Dioxolane, (10-8 to 3×10-5 mol/L).
After wash, tissues were equilibrated in either the absence
(control) or presence of darifenacin for a 90 min. Subsequently,
the second concentration-effect curve for (+)-cis-Dioxolane was
constructed for each strip. Darifenacin caused a significant inhi-
bition of the contractile muscle response to (+)-cis-Dioxolane.

Comparison the muscarinic M1, M2 and M3 receptor antagonists
mediating the rat antral circular smooth muscle contraction
All three receptors (M1, M2 and M3) subtype antagonists inhibited
the antral circular muscle contraction to cholinergic agonist
(+)-cis-dioxolane. Darifenacin (M3) was most potent in inhibiting
rat antral smooth muscle cholinergic contraction. The dose-
response curves were shifted to the right by muscarinic
antagonists in the following order of affinity: darifenacin (M3)

Control

PTX treated
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>methocramine (M2) >pirenzepine (M1). The EC50 for each
antagonist was as follows: darifenacin 7.9, methacramine 7.2
and pirenzepine 6.8 (Figure 8).

Figure 8  Comparison of the inhibition of the contractile re-
sponse to cis-Dioxolane by 3 muscarinic receptor antagonists:
M3- darifenacin, M2- methocramine, and M1- pirenzepine. The
M3 antagonist, darifenacin, was the most potent inhibitor of
the contraction induced by (+)-cis Dioxolane (10-6 mol/L). The
EC50 values for each were: for darifenacin (M3) -7.9; for
methocramine (M2) -7.2; and for pirenzepine (M1) -6.8.

DISCUSSION
It is well established that cholinergic agonists are of major
importance for the stimulation of antral smooth muscle contraction
and that their effect is mediated by muscarinic receptors. In
various smooth muscle cells, the action of cholinergic agonists
involved the occupation of specific receptors, activation of
receptor-coupled G-proteins and subsequent activation of the
second messenger systems, which would lead to the mobilization
of Ca2+ from intracellular storage pools[10]. Certain steps of the
signaling pathway (s) for the cholinergic contraction of antral
circular smooth muscle in rats are still not understood, for
example, the second messenger system or the functional
characteristics of the muscarinic receptor subtypes involved.
In our study the cholinergic rat antral circular muscle contraction
in vitro was sensitive to the depletion from the extracellular
Ca2+ that significantly diminished the cholinergic contraction.
This finding along with the inhibitory effect of nifedipine
indicated a dependence on extracellular Ca2+ influx via L-type
calcium channels[50].
       It is still not clear whether cholinergic contractile pathways
of antral circular smooth muscle are mediated by PTX-sensitive
GTP-binding protein through an increased inflow of extracellular
calcium, or mediated via PTX-insensitive, inositol triphosphate
(IP3)-dependent pathway. The circular muscle of cat esophagus
and the lower esophageal sphincter (LES) were reported to be
linked to different pathways. LES circular muscle cholinergic
contraction was shown to be linked to the PTX-insensitive pathway,
whereas esophageal circular muscle cholinergic contraction has
been reported to be linked to the PTX-sensitive pathway[11-14].
      In the present study, pretreatment with PTX significantly
inhibited the contractile response to bethanechol of the antral
smooth muscle strips in the organ bath and of the dissociated
myocytes.
      More than one muscarinic receptor may be responsible for
cholinergically mediated contractility at a particular area[6,22,51-56].
A major role for M3 and a minor role for M2 receptors in cholinergic-
induced smooth muscle contraction have been shown at the
tissue of various species and organs[57-59], but it is still not clear
how different receptors may interact to mediate a specific
function. For example, M2 receptor might serve as an inhibitory
presynaptic autoreceptor[60], or M2 receptor could act by gating
cation channels that were subsequently modulated by M3

receptors[61].

       The functional characteristics of muscarinic receptor subtypes
regulating antrum circular muscle cholinergic contraction have
not been previously reported. In our functional studies, cholinergic
contraction in response to cis-dioxolane in rat antral circular
muscles was mediated mostly through M3, less by M2, and the
least by M1 muscarinic receptor subtypes.
       The involvement of PTX-sensitive GTP-binding proteins in
mediating the contractile response to muscarinic agonists has
been reported to be linked to muscarinic M2 receptor in many
studies, such as in cat esophageal circular muscle[11,12]. In contrast,
our experiments in rat antral circular muscles indicated that the
M3 muscarinic receptor was functionally prevalent, and yet,
PTX-sensitive pathways were shown to be activated in the
process of antral cholinergic contraction. A few published
reports were in agreement with our results[13,22,26].
      Possible explanations of the reported differences include:
(1) Different experimental systems were used to compare the
homogenous suspension of smooth muscle cells was compared
with smooth muscle strips. (2) M3 and M2 receptors were expressed
together at the shared site of the signaling pathways[22,54,57,60,62].
(3) The cholinergic agonist (+/- cis-Dioxolane) was used in our
studies. Although, it has been reported to be non-selective[46,48,52],
+/- cis-Dioxolane might be more selective for M3 muscarinic
receptor than it was originally described[63]. (4) It has been
suggested that seven transmembrane spanning receptors
including muscarinic are promiscuous in that they could form
interactions with multiple G-proteins[64] or activate many different
transduction pathways at the same time[65]. (5) M2 receptor
might be masked by M3 receptor, thus detectable when M3
receptor was inhibited. Separating out these possibilities would
require more specific antagonists than the currently available.
       In conclusion, the rat antral circular smooth muscle contracts
to cholinergic agonists (bethanechol chloride and (+)-cis-
Dioxolane) in a dose-dependent fashion through activation of
muscarinic receptors at the smooth muscle. The contractile
responses to cholinergic agonists are dependent on the increase
in intracellular calcium induced by the influx of extracellular
calcium via L-type voltage gated calcium channels. Bethanechol
activates M3 and M2 muscarinic receptors coupled to pertussis-
toxin sensitive GTP-binding protein (s). The presence of a
residual contractile cholinergic response after 5 and 10 min in
calcium-free buffer, as well as a residual contractile response
after the treatment with nifedipine, suggests a role for an additional
pathway (s). M3 receptor is predominant out of three functionally
tested M1, M2, and M3 muscarinic receptors regulating cholinergic
contraction. The involvement of more than one muscarinic
receptor indicates more than one pathway (s) regulating the
cholinergic contraction of rat antrum circular smooth muscle.
       The results of these studies have important clinical implications
for possible treatment of gastric dysfunction with muscarinic
subtype-selective agents.
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Abstract

AIM: To investigate coxsackievirus B3 infection and its gene
mutation in Keshan disease.

METHODS: The expression of Coxsackievirus B3 RNA was
detected in autopsy specimens of acute (12 cases), sub-acute
(27 cases) and chronic (15 cases) Keshan disease by in situ

hybridization. In sub-acute Keshan disease specimens, 3 cases
with positive result by in situ hybridization were selected
RT-PCR analysis. The DNA segments were then sequenced.

RESULTS: Coxsackievirus B3 RNA was detected in the
cytoplasm of myocardiocyte. The positive rate was 83% in
acute, 67% in sub-acute and 80% in chronic Keshan disease.
In the conservative region of Coxsackievirus B3 genome,
there was a mutation in 234 (C-T) compared to the non-
cardiovirulent strain, CVB3/0.

CONCLUSION: Coxsackievirus B3 RNA can survive and
replicate in heart muscle of Keshan disease, which may play
an important role in the occurrence of Keshan disease. The
possible mechanism of occurrence of Keshan disease is
associated with point a mutation in Coxsackievirus B3 genome.
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INTRODUCTION
Enteroviruses, particularly Coxsackie B viruses (CVB), are the
most common cause of human viral myocarditis and are associated
with dilated cardiomyopathy (DCM)[1-3]. In general, neonates
and children suffer more severe clinical syndromes due to CVB
infection, often severe or life threatening, because of inflammation
and necrosis of heart muscle[4]. Many diseases are considered
to have relationship with CVB3 infect, but the mechanism is still
not well understood. Although the immune response of the host
undoubtedly plays an important role in the pathogenesis of
viral heart disease[5], direct viral cytotoxicity has been found to
be crucial for organ pathology both during acute and persistent
heart muscle infection. Coxsackievirus B3 (CVB3), one of six CVB
serotypes, is a member of the genus enterovirus within the
family Picornaviridae and its structure is well understood[6,7].

Some studies suggest that the 5’NTR of enteroviruses maybe
play an important role in producing or sustaining the myocardial
virulence[8-14].
       Keshan disease is endemic exclusively in selenium-deficient
rural areas of China, including 14 provinces and autonomous
regions[15]. Its clinical features are low body selenium content
and acute or chronic episodes of heart disorder characterized by
cardiogenic shock, arrhythmia, ECG changes (for example, right
branch block), and/or congestive heart failure, with an enlarged
heart. Four types of the disease are seen: acute, subacute, chronic,
and latent or compensated. The basic pathological change is
multifocal myocardial necrosis and fibrous replacement throughout
the myocardium, with various degrees of cellular infiltration
and calcification, depending upon the type of disease[16,17].
Research suggests that not a single but several more factors
may have a relationship with the occurrence of Keshan disease.
The reasons are often considered as global, biological chemical
factors (selenium deficiency), dietary nutritional factors (vitamin
E deficiency) and infection (virus, especially enteroviruses).
This hypothesis can explain both endemic and seasonal features
of Keshan disease. Recent studies have also demonstrated a
possible etiological role of enterovirus infection in a particular
form of heart muscle disease, selenium deficiency-related endemic
cardiomyopathy (Keshan disease), seen in China[18,19]. Presently,
patients of Keshan disease are rare and there is no ideal animal
model, research of viral etiology of Keshan disease is relatively
few. In this study, we detected all the four types of Keshan
disease using in situ hybridization and sequenced the 5’NTR
of CVB3 from subacute Keshan disease in order to investigate
the relationship between Keshan disease and CVB3 infection.

MATERIALS AND METHODS
Case selected
All the samples were cardiac tissue isolated at post mortem and
fixed in formaldehyde and embedded in paraffin wax and preserved
in Institute of Keshan Disease, Jilin University from 1959-1985.
The samples included 12 acute patients (7 males, 5 females,
average age 16.3 years), 27 subacute patients (12 males, 15
females, average age 4.3 years) and 15 chronic patients (9 males,
6 females, average age 23.8 years). We used three non-Keshan
disease patients as controls, including two normal and one
perinatal period cardiomyopathy. The cultured human amniotic
cell containing a cardiovirulent strain of CVB3 served as positive
control and by RT-PCR.

In situ Hybridization
An obligonucleotide probe was purchased from Shanghai Sangon
Biological Engineering Company. This probe, labeled with biotin,
was designed to detect coxsackievirus B3, whose sequence
was 5’-GTC CGC AAT GGC GGG CGG TGG TGG TGT CTC-3’.
        All slides were treated by APES solution (1:50 acetone) in
order to prevent the section slipping from the slide. The 5 µm
thick section was baked 3-4 h at 80  and overnight at 60 .
      The paraffin wax was removed by immersing the slide in
xylene. The slides were then rehydrated, treated with 0.1 g/L
Triton X-100 for 2 min, digested with proteinase K (0.25 mg/mL)
in PBS for 5 min at room temperature, then sealed with histidine
(2 mg/mL) for 2 min, and then dehydrated in graded concentrated



ethyl alcohol. The tissue sections were denatured on heating
block for 2 min at 80  and then cooled on ice immediately.
They were pre-hybridized for 3-4 h at 42  by covering them
with pre-hybridization liquid (6×SSC, 5×Denhardt, 5 g/L SDS,
100 µg/mL herring sperm DNA, 500 g/L deionized formamide)
in a wet chamber. After removal of the pre-hybridization liquid,
the sections were allowed to hybridize overnight under the
same conditions as described above.
      Following the hybridization, the slides were rinsed twice
with 2×SSC containing 500 g/L deionized formamide, twice
with 2×SSC, treated with 1 g/L Triton X-100 for 2 min and washed
twice with buffer I (1 mol/L NaCl, 0.1 mol/L Tris, pH 7.5). Buffer
II (3 g bovine serum albumin dissolved in buffer I) was added
to each section and incubated for 1 h. After pouring off buffer II,
the SA-AP (streptavidin-alkaline phosphatase conjugation) was
added onto the tissue sections, and allowed to react in this mixture
for 20 min, rinsed with buffer I and then with buffer III (0.1 mol/L
NaCl, 0.1 mol/L Tris-Cl, 50 mmol/L MgCl2, pH 9.5). Finally, freshly
prepared developer solution (BCIP/NBT) was applied to the
slides and incubated for 30 min to 4 h. A brownish blue color
reaction was produced. Following routine dehydration, the sections
were cleared and mounted.
     To assess the specificity of the hybridization signal, the
culture cell infected by CVB3 were alternatively hybridized with
the labeled obligonucleotide probe encoding CVB3 before and
after digestion by Rnase, and hybridization solution without
containing the labeled obligonucleotide probe encoding CVB3
was also used as negative control.

RT-PCR
Total RNA was extracted from paraffin-embedded heart tissue
of patients with Keshan disease according to the following
procedures. Several section slices (5-10 µm) were put into a 1.5 mL
Eppendorf tube in which approximately 1 mL xylene was added
in order to exclude paraffin. The xylene was changed every 2 h
and the last time it was kept overnight at room temperature.
After being centrifuged at 5 000 r/min for 5 min, the tissue was
washed with non-water ethanol and then baked at 55 . The
total RNA from the dried tissue was then extracted using Trizol
regent (GIBCO). Positive controls were the cultured human
amniotic cells containing CVB3. The RNA precipitate was
dissolved in 10 µL of diethyl pyrocarbonate-treated H2O.
     The enterovirus specific primers used for RT-PCR and
sequencing of the 5’NTR were purchased from Sigma Genosys
Australia Pty. Ltd. The sequence of the primers was 3P: 5’-TCA
ATT GTC ACC ATA AGC AGC AGC CA-3’ and 5P: 5’-CGG TAC
CTT TGT GCC CCT GTT TT-3’.
       RT was carried out following the manufacturer’s instructions.
A 2 µL of specific primer 3P and 1 µL of 10 mmol/L dNTPs were
mixed with 8 µL of RNA template. The mixture was immediately
put on ice after incubated at 65  for 5 min. Then the mixture of
4 µL of 5×first strand buffer, 1 µL of Rnase inhibitor, 1 µL Superscript
II Rnase H-free reverse transcriptase and 3 µL of diethyl
pyrocarbonate-treated H2O was added to the reaction tube,
followed by incubation at 42  for 5 min, and at 70  for 15 min
in order to inactivate the reverse transcriptase.
       PCR was carried out with a 25 µL mixture containing 10 pmoL
deoxynucleotide triphosphates, 15 pmoL forward primer (5P),
15 pmoL reverse primer (3P), 1×reaction buffer (Dingguo
Biocompany), and 3 µL of the RT reaction product. The PCR
reaction mixture was pre-denatured at 95  for 2 min, and then
amplified through 30 cycles, each cycle consisting of denaturation
at 95  for 45 s, annealing at 55  for 45 s, and extension at 72 
for 45 s. Finally, an additional extension was carried out at 72 
for 10 min. A negative control containing 22 µL of the reaction
mixture plus 3 µL of autoclaved H2O and a positive control
containing 22 µL of the reaction mixture plus 3 µL of the RT reaction
product from cells infected with the virulent laboratory strain

of CVB3 were included in each set of PCR.
       The amplification products of PCR were analyzed on 17 g/L
agarose gel by electrophoresis and stained with ethidium
bromide. To assess the specificity of RT-PCR, the extracted
total RNA were digested by Rnase then used for PCR as
template. The distilled water was also used as template in PCR
reaction as negative control.

DNA sequencing
The sequencing reaction cycle was carried out using 4 µL of
DNA polymerase FS-terminator mix (PE-ABI), 3.2  mmol/L primer,
and 5 ng of PCR product per 100 bp length of template DNA
with the volume made up to 10 µL with H2O. Reactions were run
for 25 cycles as follows: 96  for 30 s, 50  for 15 s, and 60 
for 4 min. DNA was precipitated, dissolved in loading buffer
(167 g/L formamide, 733 g/L dextran), and separated on 41 g/L
denaturing polyacrylamide gel on an ABI model 377 DNA
sequencer. This procedure was performed by Shanghai Sangon
Biological Engineering Company.

RESULTS
In situ Hybridization
According to the feature of positive signal of the culture cell,
the positive hybridization signals of the Coxsackievirus RNA
appeared as deep brownish blue mass or granules (Figure 1).
This criterion was applied to the tissue sample. In longitudinal
sections, they were seen to adhere to myofibrils in one or several
strings of beads (Figure 2A). They varied in size and, in cross
section, were usually localized in the sarcoplasm in proximity
to myocyte nuclei, but no signals were found in the nuclei
themselves. The color of signal was the darkest in the myocardium
of papillary muscles, trabeculae carneae and subendocardial
muscle. It was lighter and less intense in the cells of the outer
layers than those in the middle layers of ventricular walls. The
myocardial cells surviving in fresh lesions and surrounding
old necrotic foci often showed the hybridization signal. No
signal was found in necrotic foci, and there were slight differences
in the distribution and manifestation of positive hybrid signals
in several types of Keshan disease. In most acute and subacute

3300         ISSN 1007-9327    CN 14-1219/ R      World J Gastroenterol    November 15, 2004   Volume 10   Number 22

A

B

Figure 1  Positive signal in cultured cell A: the positive hybrid-
ization signals of the Coxsackievirus RNA appeared as deep
brownish blue mass or granules (arrow) B: control, only hy-
bridization solution was applied.



cases, the signal appeared predominantly in the myocyte
surrounding foci and surviving in fresh foci as well as cells
beneath the endocardium and of papillary muscles. The
hybridization-positive granules were thick, and had clear border.
The sarcoplasm appeared dark, and sometimes, homogeneously
blue (Figure 2B). In most of the chronic cases, the granules
were usually distributed in all parts of the myocardium, and
were small and without clear borders, like dirt. The detection
rate in subacute specimens was the highest, and the rate in
acute specimens was higher than that in chronic specimens,
but there were no significant differences among the three types
of Keshan disease.
       The positive rate of hybridization in the three type of Keshan
disease was 83% (10/12) in acute, 67% (18/27) in sub-acute and
80% (12/15) in chronic Keshan disease. No positive signals
were found in any negative controls.
       Results of 3 myocardial control specimens investigated with
in situ hybridization were negative.

RT-PCR
RT-PCR revealed that the RNA extracted from the myocardial
tissue with positive control of in situ hybridization amplified
a DNA fragment about 541 bp, while the three negative controls
did not amplify (Figure 3). The RNA extracted from cultured
cell infected by CVB3 were also amplified the DNA fragment
about 541 bp.

Sequence analysis
The DNA segments from RT-PCR were sequenced and compared
to the non-cardiovirulent control, CVB3/0, and the cardiovirulent
strain, CVB3/Nancy and CVB3/20. We found that the sequence of the
amplified segment had one nucleotide different compared to
that of CVB3/0. The 234th nucleotide in the genome of CVB3/0

was C while ours was T. But the sequence of our segment was
similar that of CVB3/Nancy, CVB3/20 and the positive control (Figure 4).

DISCUSSION
Keshan disease has been studied for over 60 years in China.
One of the key issues is the complex etiology of this endemic
disease, with a focus on environmental nutritional factors and
infectious agents. Selenium deficiency in the food chain has been
recognized as a major but not exclusive environmental-nutritional
factor, and increasing evidence supports an etiological role of
enteroviruses in Keshan disease. Recently, Peng et al.[20]

determined the sequences of the 5’NTR and the 3’ end of the VP1
coding region from six enteroviruses isolate from cases of Keshan
disease or outbreak myocarditis. From their results, they drew a
conclusion that the sequence data confirm that coxsackievirus
group B serotypes are predominant in the region where Keshan
disease is endemic, and may be the etiological factors in outbreaks
of myocarditis, and VP1 genotyping of enteroviruses is accurate
and reliable. Animal experiments indicate that isolates may differ in
pathogenicity. Virus infection combined with selenium deficiency
in environments and vitamin E deficiency in dietary can illustrate
both endemic and seasonal features of Keshan disease. The
hypothesis of virus infection was accepted once it appeared, but
the methods used in virology limited the development of a virus
infection hypothesis of Keshan disease. The rapid development
in molecular biology brings vitality to virology.
       In situ hybridization is a method to detect the nucleic acids
in a tissue or cell using a labeled obligonucleotide chain as probe.
This technique has already been widely used in biology and
medicine because of its high specificity, sensitivity and location
precision. Using a cloned cDNA probe obtained from CVB4

infected cells and labeled by biotin-11-dUTP, Easton et al.[21]

found that 46% (6/13) patients who had been diagnosed
coxsackievirus myocarditis can be found enterovirus infection
in their myocardial tissue. Archard et al.[22] examined enteroviruses
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Figure 4 Sequence of segment of RT-PCR Compared to the nonvirulent strain of CVB3/0, there was one nucleotide different
(arrow). The nonvirulent strain of CVB3/0 was C while ours was T.

150               160               170             180             190             200             210             220             230             240

 1    2    3     4     5     6    7     8

  bp

750
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Figure 3  Agarose gel electrophoresis results Lanes 1, 2, 3:
negative control; Lanes 4-6: subacute Keshan disease; Lanes 7:
positive control; Lane 8: DL-2000 DNA Marker. A 541 bp DNA
segment can be seen in lanes 4-7.

A

B

Figure 2  Positive signal of in situ hybridization in subacute
myocardial tissue A: Feature positive signal of in situ hybrid-
ization with cardiac tissue is seen as deep brownish blue and
seems to adhere onto myofibril, linked together in one or sev-
eral strings of beads, when observed longitudinally (×400). B:
The granules of positive signal were thick and with clear bor-
der in varying size and localized in the sarcoplasm.



infection in human myocardial tissue using an enterovirus
specific probe, and found that the rate of enterovirus infection
was 45% (21/47) in myocarditis patients and 43% (35/82) in
cured myocarditis and DMC patients. In our research, the
specific obligonucleotide probe of CVB3 was labeled by biotin
on 5’ end, and the specimen was paraffin-embedded myocardial
tissue from autopsy patients of Keshan disease. The object
was to detect the coxsackievirus B3 RNA by in situ hybridization.
Among the three types of Keshan disease patients, we found the
positive rate was 83%, 67%, and 80% in acute, sub-acute and
chronic Keshan disease patients, respectively. Our results provide
a new support to the hypothesis that enterovirus, especially CVB3,
might play an important role in pathogenesis of Keshan disease.
Moreover, the area, range and the distribution of the positive
signal of CVB3 were associated with the development of Keshan
disease. The positive signals in acute and sub-acute Keshan
disease were located in the surviving myocardiocyte in or around
the necrosis foci while they were dispersed in almost all the
myocardiocyte in chronic Keshan disease. The results of in situ
hybridization suggested that enterovirus could lead to heart muscle
lesion when they involved in the myocardial tissue, and they can
dispersed to the normal heart muscle with increase of time.
     Though there was a high enterovirus infection rate in
myocardial tissue of Keshan disease patients[23,24], it is well known
that the enterovirus could also be detected in many patients who
had no heart muscle lesion. The change of viral cardiovirulence
can undoubtedly play an important role. Some research has
demonstrated that under some conditions, such as selenium
deficiency, vitamin deficiency, the phenotype of enterovirus can
be changed, that is, a non-cardiovirulent strain can change into a
cardiovirulent strain, or the cardiovirulence can be increased in
these conditions[25-27]. Beck et al.[28] sequenced the mutated strain,
CVB3/0se-, which was extracted from the heart muscle of selenium
deficient mice, and found that there were six mutation points in
CVB3/0se- and compared to the two-cardiovirulent strains, CVB3/20,
CVB3/M1, all mutated points were turned into that of a cardiovirulent
strain. Can the same episodes also happen in Keshan disease
patients? In our research, we found an about 541 bp DNA segment
by RT-PCR. Compared to CVB3/0, a non-cardiovirulent strain, the
sequence of our segment had only one nucleotide different, which
was 234 T. But the segment had the same sequence as that of
CVB3/Nancy and CVB3/20, cardiovirulent strain. This result can
give us some indications that the mutation of virus genome might
play an important role in the pathogeny of Keshan disease. But
this needs to further investigation.
       As we know that RNA is degraded easily, so its detection is
difficult, especially in paraffin-embedded tissue[29,30]. But the
paraffin-embedded myocardial tissue we select have been kept in
our institute for a long time (10-50 years), and are generally thought
not to be optimal for RNA research, but our results displayed that
results of both in situ hybridization and RT-PCR were satisfactory.
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Abstract

AIM: To investigate the effect of actin microfilament on
potassium current and hyposmotic membrane stretch-induced
increase of potassium current in gastric antral circular myocytes
of guinea pig.

METHODS: Whole-cell patch clamp technique was used
to record potassium current in isolated gastric myocyes.

RESULTS: When the membrane potential was clamped at
-60 mV, an actin microfilament disruptor, cytochanlasin-B
(Cyt-B, 20 µmol/L in pipette) increased calcium-activated
potassium current (IK(Ca)) and delayed rectifier potassium
current (I K(V))  to 138.4±14.3% and 142.1±13.1%
respectively at +60 mV. In the same condition, an actin
microfilament stabilizer phalloidin(20 µmol/L in pipette)
inhibited IK(Ca) and IK(V) to 74.2±7.1% and 75.4±9.9%
respectively. At the holding potential of -60 mV, hyposmotic
membrane stretch increased IK(Ca) and IK(V) by 50.6±9.7%
and 24.9±3.3% at +60 mV respectively. In the presence of
cytochalasin-B and phalloidin (20 µmol/L, in the pipette)
condition, hyposmotic membrane stretch also increased IK(Ca)

by 44.5±7.9% and 55.7±9.8% at +60 mV respectively. In the
same condition, cytochalasin-B and phalloidin also increased
IK(V) by 23.0±5.5% and 30.3±4.5% respectively. However,
Cyt-B and phalloidin did not affect the amplitude of hyposmotic
membrane stretch-induced increase of IK(Ca) and IK(V).

CONCLUSION: Actin microfilaments regulate the activities
of potassium channels, but they are not involved in the
process of hyposmotic membrane stretch-induced increase
of potassium currents in gastric antral circular myocytes of
guinea pig.

Li XL, Zheng HF, Jin ZY, Yang M, Li ZL, Xu WX. Effect of actin
microfilament on potassium current in guinea pig gastric
myocytes. World J Gastroenterol  2004; 10(22): 3303-3307

http://www.wjgnet.com/1007-9327/10/3303.asp

INTRODUCTION
Cytoskeleton is an intracellular superstructure that consists of
microfilaments of actin and associated proteins, microtubules,

and intermediate filaments. Actin microfilaments of the
cytoskeleton form a complex network, providing the structural
basis for simultaneous interactions between multiple cellular
structures. It is well established that many ion channels and
transporters are anchored in the membrane by either direct or
indirect association with the cytoskeleton. In addition, there is
growing evidence that altering the integrity of cytoskeletal
elements, in particular actin microfilaments, could modulate the
activity of a variety of ion channels[1] and receptors[2]. Many
previous studies have demonstrated that actin microfilament
could mediate different types of potassium channels of a variety
of cells such as those in rat collecting duct[3], smooth muscle
cell line DDT1 MF-2[4], cardiac myocytes of guinea pig[5], human
meningioma cells[6], rat hippocampal CA1 pyramidal neurons[7],
rat ventricular myocytes[8] and xenopus oocytes[9]. Wang
et al.[10] reported that neither the microfilaments nor the
microtubules were involved in the enhancement of IK(V) induced
by cell distension in ventricular muscle cells of guinea pig.
However, Ribeiro et al.[11] showed that microtubule was involved
in the cell volume-induced changes in K+ transport across the
rat colon epithelial cells. Our previous study demonstrated that
main outward current was carried by calcium-activated potassium
channel and delayed rectifier potassium channel in gastric antral
circular myocytes of guinea pig and hyposmotic cell swelling
enhanced the activity of that two kinds of potassium channel[12,13].
In order to investigate the mechanism of hyposmotic membrane
stretch-induced increase of potassium current, in the present study,
the effect of actin microfilament on potassium currents was
observed and the possibility whether acin microfilament was
involved in the process of hyposmotic membrane stretch-induced
increase of potassium currents was examined.

MATERIALS AND METHODS
Single cell preparation and electrophysiological recording
Fresh, single smooth muscle cells (SMCs) were isolated
enzymatically from the circular layer of guinea pig antrum as
previously described[14]. Isolated SMCs were stored at 4  KBS
until the time of use. All experiments were performed within 12 h
after cell dispersion. The isolated cells were transferred to a
small chamber (0.1 mL) on the stage of an inverted microscope
(IX-70 Olympus, Japan) for 10-15 min to settle down. Solution
was perfused at a speed of 0.9-1.0 mL/min through the chamber
by gravity from the 8-channel perfusion system (L/M-sps-8;
list electronics, Germany). Glass pipette with a resistance of
3-5 M  was used to make a giga seal of 5-10 G  the whole-
cell currents were recorded with an Axopatch 1-D patch-clamp
amplifier (Axon Instrument, USA).

Drugs and solution
Tyrode solution containing (mmol /L) NaCl 147, KCl 4, MgCl2

.

6H2O 1.05, CaCl2. 2H2O 0.42, Na2PO4
. 2H2O 1.81, and 5.5 mmol/L

glucose was used. Ca2+-free PSS containing (mmol/L) NaCl 134.8,
KCl 4.5, glucose 5, and N-[2-hydroxyethyl] piperazine- N-[2-
ethanesulphonic acid] (HEPES) 10 was adjusted to pH 7.4 with
Tris [hydroxymethyl] aminomethane (TRIZMA). Modified K-B
solution containing (mmol/L) L-glutamate 50, KCl 50, taurine
20, KH2PO4 20, MgCl2 

. 6H2O 3, glucose 10, HEPES 10 and egtazic



acid 0.5 was adjusted to pH 7.40 with KOH. Isosmotic solution
(290 mOsmol/L) containing (mmol/L) NaCl 80, KCl 4.5, HEPES
10, MgCl2

.6H2O 1, CaCl2
.2H2O 2, Glucose 5, Sucrose 110, was

adjusted to pH 7.4 with Tris. Hypoosmotic solution (200
mOsmol/L) contained (in mmol/L) sucrose 30, and other
ingredients was the same as the isosmotic solution. Pipette
solution recording IK(ca) contained (mmol/L) potassium-aspartic
acid 110, Mg-ATP 5, HEPES 5, MgCl2

.6H2O 1.0, KCl 20, egtazic
acid 0.1, di-tris-creatine phoshate 2.5, disodium-creatine
phosphate 2.5 and its pH was adjusted to 7.3 with KOH. Pipette
solution recording IK(V) contained (mmol/L) EGTA 10, and other
ingredients was the same as the pipette solution recording IK(ca).
Cytochalasin-B was dissolved in dimethyl sulphoxide (DMSO,
20 mmol/L) and phalloidin was dissolved in alcohol (1 mmol/L).
The same amount of DMSO or alcohol as the final experimental
solution was added to the pipette solution. All the chemicals in
this experiment were purchased from Sigma (USA).

Data analysis
All data were expressed as mean±SD. Statistical significance
was evaluated by a t-test. Differences were considered to be

significant when P value was less than 0.05.

RESULTS
Effect of Cyt-B and phalloidin on IK(Ca)

Under the whole cell configuration, the membrane potential was
clamped at -60 mV, IK(ca) was elicited by step voltage command
pulse from -40 mV to +100 mV for 440 ms with a 20 mV increment
at 10 s intervals. An actin microfilament disruptor, Cyt-B
(20 µmol/L in pipette) markedly increased IK(Ca)  to 138.4±14.3%
at +60 mV (n = 15, Figures 1B, C). In the same condition, an
actin microfilament stabilizer, phalloidin (20 µmol/L in pipette)
inhibited IK(Ca)  to 74.2±7.1% at +60 mV (n = 15, Figures 2B, C).

Effect of Cyt-B and phalloidin on IK(V)

Under the whole cell configuration, the membrane potential
was clamped at -60 mV, IK(V) was elicited by step voltage
command pulse from -40 mV to +80 mV for 440 ms with a 20 mV
increment at 10 s intervals. Cyt-B (20 µmol/L in pipette) markedly
increased IK(V)  to 142.1±13.1%  at +60 mV (n = 12, Figures 3B,
C). In the same condition, phalloidin (20 µmol/L in pipette)
inhibited IK(V)  to 75.4±9.9% at +60 mV (n = 12, Figures 4B, C).

Figure 1  Effect of Cyt-B on IK(Ca). A: Representative current trace of IK(Ca). B: I/V relationship of IK(Ca). C: Cyt-B enhanced IK(Ca). In
isosmotic condition. (n = 15, aP<0.05, bP<0.01 vs control).

Figure 2  Effect of phalloidin on IK(Ca). A: Representative current trace of IK(Ca). B: I/V relationship of IK(Ca). C: Phalloidin inhibited IK(Ca)

in isosmotic condition. (n = 15, aP<0.05, bP<0.01 vs control).

Figure 3  Effect of Cyt-B on IK(V). A: Representative current trace of IK(V). B: I/V relationship of IK(V). C: Cyt-B enhanced IK(V) inisosmotic
condition.(n = 15, aP<0.05, bP<0.01 vs control).
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Figure 4  Effect of phalloidin on IK(Ca). A: Representative current trace of IK(Ca). B: I/V relationship of IK(Ca). C: Phalloidin inhibited IK(Ca)

in isosmotic condition. (n = 15, aP<0.05, bP<0.01 vs control).

Figure 5  Effect of hyposmotic membrane stretch on IK(Ca). A: Representative current trace of IK(Ca). B: I/V relationship of IK(Ca). C:
Hyposmotic membrane strech increased IK(Ca). (n = 15, aP<0.05, bP<0.01 vs control).

Figure 6  Effect of hyposmotic membrane stretch on IK(V). A: Representative current trace of IK(V). B: I/V relationship of IK(V). C:
Hyposmotic membrane strech increased IK(V). (n = 15, aP<0.05, bP<0.01 vs control).

Figure 7  Effect of Cyt-B and phalloidin on hyposmotic membrane stretch-increase of I(KCa). A, B and C: I/V relationship of I(KCa).
(n = 15, aP<0.05, bP<0.01 vs 290 mOsm). D: No effect of Cyt-B and phalloidin on the increased of IK(Ca) induced by hyposmotic
membrane stretch (n = 15).
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Effect of hyposmotic membrane stretch on IK(Ca) and IK(V)

Using the same pulse protocol, the effect of hyposmotic membrane
stretch on IK(Ca)  and IK(V) was observed. When the cells were
superfused with hyposmotic solution (200 mOsmol/L), step
command pulse-induced IK(Ca) increased from 0mV (Figure 5B)
and the increasing amplitude was 50.6±9.7% at +60 mV (n = 15,
Figure 5C). In the same condition, hyposmotic superfusing
increased step command pulse-induced IK(V) from +40 mV
(Figure 6B) and the increasing amplitude was 24.9±3.3% at
+60 mV (n = 12, Figure 6C).

Effect of Cyt-B and phalloidin on hyposmotic membrane stretch-
induced increase of IK(Ca)

To determine the possibility of actin microfilament involved in
hyposmotic membrane stretch-induced increase of IK(Ca), the
effects of Cyt-B and phalloidin on IK(Ca) in which cells were
perfused with isosmotic and hypoosmotic solutions were
observed respectively. Hyposmotic membrane stretch increased
IK(Ca) from 0 mV (Figure 7A) and the increasing amplitude was
50.6±9.7% at 60 mV in the control group (n = 15, Figures 7A, 8D).
In the presence of Cyt-B and phalloidin (20 µmol/L in pipette)
hyposmotic membrane stretch also increased IK(Ca) by 44.5±7.9%
(n = 15, Figures 7B, D) and 55.7±9.8% (n = 15, Figures 7C, D) at
+60 mV respectively. There was no significant difference between
control group and Cyt-B group or phalloidin group.

Effect of Cyt-B and phalloidin on hyposmotic membrane stretch-
induced increase of IK(V)

Hyposmotic membrane stretch increased IK(V) by 24.9±3.3% at
+60 mV in the control group (n = 12, Figures 8A, D). In the presence
of Cyt-B and phalloidin (20 µmol/L in pipette) hyposmotic
membrane stretch also increased IK(V) by 22.9±5.5% (n = 12,
Figures 8B, D) and 30.3±4.5% (n = 12, Figures 8C, D) at +60 mV
respectively. There was no significant difference between
control group and Cyt-B group or phalloidin group.

DISCUSSION
Cytoskeleton is an intracellular superstructure that consists of

microfilaments of actin and associated proteins, microtubules,
and intermediate filaments. Actin microfilament, in particular,
are involved in structural support and a functional role in cell
motility[15]. Recent evidence indicated, however, actin-based
cytosleleton was involved in the control of ion channel activity
across the plasma membranes of different cell types. For example,
actin microfilaments were implicated in the regulation of soldium
channels in human jejunal circular smooth muscle cells[16] and
ATP-sensitive potassium channel in ventricular myocytes[5, 17].
Actin microfilaments could also regulate voltage-dependent
channels, for example, actin microfilaments could mediate
voltage-dependent epithelial soldium channels in neuron cells[18].
       It was proposed that cell surface proteins and extra cellular
matrix were linked to the cytoskeleton by transmembrane proteins
and modulate ion channels and enzymes by mechanical
deformation under physiological conditions. In the present
study, we observed that an actin microfilament disruptor,
Cyt-B increased IK(Ca) and IK(V) significantly (Figures 1B, C,
Figures 3B, C). However, an actin microfilament stabilizer,
phalloidin inhibited IK(Ca) and IK(V) markedly (Figures 2B, C,
Figures 4B, C) in gastric myocytes. These results suggested
that when actin microfilaments were disrupted, IK(Ca) or IK(V)

could be activated; while, when actin microfilaments were
stabilized, IK(Ca) or IK(V) could be inhibited in gastric myocytes.
Many previous studies also supported our experiment. For
example, Cyt-D activated calcium-activated potassium channel
in human meningioma cells[6], Cyt-B activated K (ATP) channels
in cardiac[5].
       Stretch is a physiological stimulation in gut smooth mucles.
There are two kinds of potassium current, calcium-activated
potassium current and delayed rectifier potassium current. In
the present study, the two kinds of potassium current were
activated by hyposmotic swelling in gastric antral smooth
muscle cells of guinea pigs (Figures 5-6). In order to investigate
the mechanism of hyposmotic membrane stretch-induced
increase of IK(Ca) and IK(V), the relationship between potassium
channel activity and actin microfilaments was observed. When
actin microfilaments were disrupted by Cyt-B or stabilized by
phalloidin, hyposmotic membrane stretch-induced increase of

Figure 8  Effect of Cyt-B and phalloidin on hyposmotic membrane stretch-increase of IK(V). A, B and C: I/V relationship of IK(V).
(n = 12, aP<0.05, bP<0.01 vs 290 mOsm). D: No effect of Cyt-B and phalloidin on the increased of IK(V) induced by hyposmotic
membrane stretch (n = 12).
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IK(Ca) and IK(V) was not affected (Figures 7-8). These results
indicated that actin microfilaments were not involved in the
increase of potassium current induced by hyposmotic cell
swelling in gastric circular myocytes of guinea pig. Previous
studies supported our results. For example, Wang et al.[10]

observed that neither the microfilaments nor the microtubules
were involved in the enhancement of IK(V) induced by cell
distension in ventricular myocytes of guinea pig. We also
observed that unsaturated fatty acids, exogenous and
endogenous, were involved in the increase of calcium-activated
potassium current induced by hyposmotic membrane stretch
(data not shown). So that hyposmotic membrane stretch-
induced increase of potassium currents may be related to
unsaturated fatty acids in cell membranes.
       Our previous study demonstrated that actin microfilaments
played an important role in the modulation of membrane stretch-
induced calcium influx and hyposmotic membrane stretch-
induced increase of muscarinic current in guinea-pig gastric
myocytes[19,20]. It is obvious that cytoskeleton plays a different
role in different types of cells and different kinds of ion channels.
In gastric smooth muscle actin microfilaments may be involved
in the process of hyposmotic membrane stretch-induced
depolarization of membrane potential. However, actin
microfilaments would not be involved in the process of cell
swelling-induced hyperpolarization of membrane potential.
        In summary, actin microfilaments regulate potassium channel
activities in normal condition. However, actin microfilaments
are not involved in hyposmotic cell swelling-induced increase
of potassium currents.
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Abstract

AIM: To explore the feasibility of direct separation, selective
proliferation and differentiation of the bone marrow-derived
liver stem cells (BDLSC) from bone marrow cells with a culture
system containing cholestatic serum in vitro.

METHODS: Whole bone marrow cells of rats cultured in
routine medium were replaced with conditioning selection
media containing 20 mL/L, 50 mL/L, 70 mL/L, and 100 mL/L
cholestatic sera, respectively, after they attached to the plates.
The optimal concentration of cholestatic serum was determined
according to the outcome of the selected cultures. Then the
selected BDLSC were induced to proliferate and differentiate
with the addition of hepatocyte growth factor (HGF). The
morphology and phenotypic markers of BDLSC were
characterized using immunohistochemistry, RT-PCR and
electron microscopy. The metabolic functions of differentiated
cells were also determined by glycogen staining and urea assay.

RESULTS: Bone marrow cells formed fibroblast-like but not
hepatocyte-like colonies in the presence of 20 mL/L cholestatic
serum. In 70 mL/L cholestatic serum, BDLSC colonies could
be selected but could not maintain good growth status. In
100 mL/L cholestatic serum, all of the bone marrow cells
were unable to survive. A 50 mL/L cholestatic serum was the
optimal concentration for the selection of BDLSC at which
BDLSC could survive while the other populations of the bone
marrow cells could not. The selected BDLSC proliferated
and differentiated after HGF was added. Hepatocyte-like
colony-forming units (H-CFU) then were formed. H-CFU
expressed markers of embryonic hepatocytes (AFP, albumin
and cytokeratin 8/18), biliary cells (cytokeratin 19), hepatocyte
functional proteins (transthyretin and cytochrome P450-2b1),
and hepatocyte nuclear factors (HNF-1α and HNF-3β). They

also had glycogen storage and urea synthesis functions,
two of the critical features of hepatocytes.

CONCLUSION: The selected medium containing cholestatic
serum can select BDLSC from whole bone marrow cells. It
will be a new way to provide a readily available alternate
source of cells for clinical hepatocyte therapy.

Cai YF, Zhen ZJ, Min J, Fang TL, Chu ZH, Chen JS. Selection,
proliferation and differentiation of bone marrow-derived liver
stem cells with a culture system containing cholestatic serum
in vitro. World J Gastroenterol  2004; 10(22): 3308-3312
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INTRODUCTION
Several recent reports have highlighted the broad developmental
potential of bone marrow-derived stem cells and the term “stem
cell plasticity” has been coined [1]. Bone marrow-derived stem
cells have been reported to produce not only all of the blood
lineages, but also skeletal muscle[2,3], neurons[4,5], cardiac
muscle[6,7], pulmonary epithelium[8], and liver epithelium[9]. The
transdifferention of bone marrow-derived cells into hepatic cells
was described in rats[9], mice[10] and humans[11,12]. This has brought
a new hope for cell therapy using autologous bone marrow cells
which have few ethical problems and applied to severe liver
disease[13]. However, bone marrow contains hematopoietic[14,15],
mesenchymal stem cells[16,17] and multipotent adult progenitor
cells[18]. The characteristic surface markers of these specific bone
marrow-derived liver stem cells (BDLSC) are still obscure. It is
difficult to identify and sort these particular cells by immunological
methods, such as fluorescent activated cell sorting (FACS)[14]

and magnetic activated cell sorting (MACS)[19]. Although various
bone marrow stem cells were found to proliferate injured liver
cells, previous attempts at isolation of liver stem cells resulted
in a mixture of hemotopoietic cells and potential hepatocyte
progenitors because they all shared common cell surface receptors
and antigens, including hematopoietic stem cell markers CD34,
Thy-1, c-Kit, and flt-3[20-22]. It is necessary to find a new way to
isolate and purify BDLSC. According to the principle that cells
in culture can survive only when they accommodate to the existing
environment, we assumed to develop a culture system that can
select BDLSC from whole bone marrow cells directly. Within
such a system, only BDLSC can survive while the other bone
marrow cells cannot. This particular culture system must contain
factors that can activate the proliferation of liver stem cells and
ingredients inhibiting the growth of other cells. Studies of the
relative mechanisms of liver regeneration and liver stem cells
corresponding to liver injury[23-26] indicated that the pathological
serum after severe liver injury might provide the above conditions.
We developed the culture system using cholestatic serum
obtained after ligation of common bile duct to induce liver
lesions, to select and proliferate BDLSC from whole bone marrow
cells in vitro. We named this medium system as “pathological
microenvironment” selecting medium.



MATERIALS AND METHODS
Preparation of conditional selection medium
Preparation of cholestatic serum  Sprague-Dawley (SD) rats
weighing 200-250 g were performed common bile duct ligation
and transection under general (ether) anesthesia to induce
cholestasis. After 10 d, whole blood of each rat was collected
and serum was separated. The serum was then subjected to liver
function test, and inactivated and asepticized for culture use.
Ingredients of conditional selection medium  Twenty mL/L,
50 mL/L, 70 mL/L, and 100 mL/L cholestatic serum were added
into DMEM (Gibco) containing 20 mmol/L HEPES (Sigma),
10-7 mol/L dexamethasone (Sigma), and antibiotics to act as the
conditional selection medium.

Selection, proliferation and differentiation of BDLSC
Culture of whole bone marrow cells  Rat bone marrow cells
were obtained by flushing femurs. The femurs were accessed
through laparotomy to avoid contamination and to increase
the cell yield. Bone marrow cells were suspended in DMEM
and plated at the density of 1×109 cells/L onto culture dishes.
DMEM enriched with 100 mL/L fetal bovine serum (FBS,
Hyclone), 20 mmol/L HEPES, 10-7 mol/L dexamethasone, and
antibiotics was used. Dishes were placed in a humidified incubator
containing 50 mL/L CO2-950 mL/L O2 at 37 .
Selection, proliferation and differentiation of liver stem cells
Three days after the culture, the medium and suspended cells
were discarded and replaced by conditional selection medium
with various concentrations of cholestatic serum. Cells cultured
in medium containing FBS were used as control. After 4 d, the
media were enriched with 25 µg/L hepatocyte growth factor
(HGF, Peprotech EC). Medium was replaced every 3 d and the
cultures were maintained for about 2 wk.

Morphological and phenotypic markers of differentiated cells
Immunohistochemistry  Bone marrow cells were cultured and
selected with the conditional selection medium on 6-well dishes
with cover glasses. Twelve days after replacement of the conditional
selection medium, cover glasses and the above differentiated
BDLSC were taken out and fixed with 40 g/L paraformaldehyde
(Sigma) for 30 min at room temperature. The primary antibodies were
goat anti-rat albumin, alpha-fetoprotein (AFP), and cytokeratin
-8/18 (CK8/18) polyclonal antibodies. The slides were incubated
with various primary antibodies at room temperature for 2 h in
a humidified chamber. Blocking serum and biotinylated

secondary antibody were matched with the primary antibody.
Immunoperoxidase was stained and counterstained with DAB
and Gill-I hematoxylin.
Electron microscopy  Culture dishes were washed with PBS
(pH 7.4), and fixed in cold 25 g/L glutaraldehyde in 0.1 mol/L
sodium cacodylate buffer (pH 7.4) for 48 h. After fixation, cells
were curetted and centrifuged to form aggregates. After postfixed
in 10 g/L osmium tetroxide in 0.1 mol/L sodium cacodylate (pH7.4),
cells were dehydrated in graded alcohols and embedded in low
viscosity epoxy resin. Ultrathin sections were stained with uranyl
acetate and lead citrate and viewed under electron microscope.
Total RNA isolation and reverse transcriptase-polymerase
chain reaction (RT-PCR)  Total RNA was extracted from 1×106

differentiated cells by using Trizol (Promega). cDNA was prepared
from 2 µg of total RNA in a buffer containing MMLV reverse
transcriptase (Promega) and 0.5 µg random primer (Takara).
The RNA was incubated at 70  for 5 min, at 37  for 1 h, and
at 95  for 5 min. Samples of cDNA corresponding to the input
RNA were amplified in PCR reaction buffers containing primers
and LA Taq DNA polymerase (Takara). Primers used for
amplification were hepatocyte nuclear factor-1α (HNF-1α),
hepatocyte nuclear factor-3β (HNF-3β), CK18, CK19, albumin,
AFP, transthyretin (TTR), and cytochrome P450-2b1 (CYP2b1).
The sequences are listed in Table 1. After initial denaturation
(at 94  for 5 min), 30 cycles of PCR were performed (at 94 
for 30 s, annealing at the optimal temperature for each pair of
primers for 30 s, at 72  for 30 s), and extension at 72  for
7 min. Amplified products were subjected to electrophoresis in
20 g/L agarose gels and stained with ethidium bromide. All the
procedures were performed according to the manufacturer’s
instructions.

Function tests of differentiated cells
Periodic acid-Schiff staining for glycogen  Differentiated cells
were fixed in 950 mL/L ethanol for 10min, rinsed in dH2O.
Afterwards, cells were oxidized in 10 g/L periodic acid for 15 min
and rinsed three times in dH2O, then treated with Schiff’s reagent
for 30 min and rinsed in dH2O for 10 min, stained with Mayer’s
hematoxylin for 1 min and rinsed in dH2O.
Urea assay  Urea concentrations were determined by colorimetric
assay (640-A, Sigma). Differentiated cells were plated on 6-well
dishes. Each well contained 1×106 cells. Urea concentrations
were detected every day for 4 d according to the manufacture’s
instructions. Culture medium and blank tube were used as negative
controls.

Table 1 Sequence of primers and length of fragments

Gene Primer          Fragment (bp)

HNF-1α S:5’-AGCTGCTCCTCCATCATCAGA-3’     138

A:5’-TGTTCCAAGCATTAAGTTTTCTATTCTAA-3’

HNF-3β S:5’-CCTACTCGTACATCTCGCTCATCA-3’       68

A:5’-CGCTCAGCGTCAGCATCTT-3’

CK-18 S:5’-GCCCTGGACTCCAGCAACT-3’       70

A:5’-ACTTTGCCATCCACGACCTT-3’

CK-19 S:5’-ACCATGCAGAACCTGAACGAT-3’       83

A:5’-CACCTCCAGCTCGCCATTAG-3’

Albumin S:5’-CTGGGAGTGTGCAGATATCAGAGT-3’     141

A:5’-GAGAAGGTCACCAAGTGCTGTAGT-3’

AFP S:5’-GTCCTTTCTTCCTCCTGGAGAT-3’     145

A:5’-CTGTCACTGCTGATTTCTCTGG-3’

TTR S:5’-CAGCAGTGGTGCTGTAGGAGTA-3’     152

A:5’-GGGTAGAACTGGACACCAAATC-3’

CYP2b1 S:5’-ACTTTCCTGGTGCCCACA-3’     157

A:5’-TCCTTCTCCATGCGCAGA-3’
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RESULTS
Preparation of the conditioning selection medium
Ten days after the ligation of common bile duct, TBIL of the
cholestatic rats was 107±48.2 µmol/L. The conditional selection
media containing 20 mL/L, 50 mL/L, 70 mL/L, and 10 mL/L cholestatic
sera had TBIL concentrations of 2.1 µmol/L, 5.3 µmol/L, 7.4 µmol/L
and 10.8 µmol/L accordingly.

Bone marrow cells cultured in different concentrations of
cholestatic serum
In routine culture condition, part of the bone marrow cells attached
to the plate in about 3 d, and then became elongated and
fibroblast-like, conforming to the mesodermal characteristics of
their origin. After replaced by the conditional selection medium
containing 20 mL/L cholestatic serum, the attached cells still
survived while the rapid growth was hindered. Seven days
after cultured in the medium, colonies were mainly composed of
fibroblast-like cells. Only a few colonies acquired hepatocyte-
like morphology, although HGF was added. In the presence of
50 mL/L cholestatic serum, a large number of the attached cells
exfoliated within 3 d, while many small colonies appeared
(Figure 1). These colonies were composed of small, undifferentiated
cells in the center, and epithelioid cells at the periphery. The
cells enriched with HGF proliferated rapidly. In 70 mL/L
cholestatic serum condition, most of the cells exfoliated, fewer
colonies appeared, and HGF could not stimulate their
proliferation. When the concentration increased to 100 mL/L,
all of the cells exfoliated and became apoptosis.

Figure 1  Cell colonies 3 d after selection. Polygonal surrounding
cells could be seen.

Morphological evidence of BDLSC differentiation
During the first 3 d many colonies appeared in conditional
selection culture containing 50 mL/L cholestatic serum. After
enriched with HGF, the colonies enlarged, and the cells proliferated
rapidly. Large hepatocyte-like colony-forming units (H-CFU)
came into being in about 12 d. The H-CFU were composed of
small, undifferentiated cells in the center, and large cells with regular
multilateral contours, low nuclear-to-cytoplasmic ratio, and
single round nuclei at the periphery. The differentiated cells formed
cords or trabeculae resembling the hepatocyte cords in hepatic
lobules (Figure 2). The largest colonies contained 1×106 cells
and could be observed macroscopically, whereas the small
colonies were about 30-50 cells. The central undifferentiated
cells could still form H-CFU when they were picked out and cultured
in the selection medium containing 50 mL/L cholestatic serum
and HGF in about 1 wk.
     Ultrastructurally, the differentiated cells were rich in
endoplasmic reticulum and ribosomes and contained abundant
ellipsoid mitochondria (Figure 3), which were different to the control
cells. These ultrastructural features are typical of adult hepatocytes.

Phenotypic markers of differentiated cells
The identification of hepatocyte-like cells in 12-day-old selection

medium cultures prompted us to analyze these cells for biochemical
evidence of hepatocytic differentiation. Immunohistochemistry
was performed in cells grew on the cover glasses for the existence
of albumin (Figure 4), AFP and CK8/18, the characteristic proteins
expressed during hepatocyte development. Immunoperoxidase
staining for these proteins revealed diffuse cytoplasmic staining
of hepatocte-like cells. In contrast, the fibroblast-like cells grew
in the routine cultures did not express these proteins. RT-PCR
further convinced the hepatocytic characteristics of differentiated
cells as the results showed that there were mRNA transcripts
of HNF-1α, HNF-3β, albumin, AFP, CK-18, CK-19, TTR, and
CYP2b1, all of which were hepatic specific (Figure 5).

Figure 2  Appearance of hepatocyte-like colony forming units
(H-CFU) 12 d after selection A: H-CFU, undifferentiated round
cells in the center, surrounded by polygonal hepatocyte-like
cells B: Regular arrangement of surrounding hepatocyte-like
cells similar to the cords of hepatocytes.

Figure 3  Ultrastructure of hepatocyte-like cells. 9 000×.

Figure 4  Positive staining of albumin immunohistochemis-
try 12 d after selection. ABC staining 200×.

A

B
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Figure 5  RT-PCR results M: marker, 1: AFP, 2: CK-18, 3:
CYP2b1, 4: HNF-3β, 5: Albumin, 6: TTR, 7: CK-19, 8: HNF-1α.

Function tests of differentiated cells
We analyzed the levels of glycogen storage by periodic acid-
Schiff (PAS) staining. Glycogen storage was seen as accumulation
of magenta staining in the cytoplasms of hepatocyte-like
differentiated cells (Figure 6). The control cells did not show similar
staining. Urea production and secretion by hepatocyte-like cells
were measured at various time points after the differentiated
morphology appeared. Bone marrow cells and fibroblast-like
cells did not produce urea. Urea assay revealed that urea
concentration in the medium increased in a time-dependent
manner (Figure 7).

Figure 6  PAS staining of hepatocyte-like differentiated cells.
The cells were positive in the cytoplasm (A) 200×, (B) 400×.

Figure 7  Urea synthetic function of bone marrow-derived liver
stem cells (mean±SD, n = 4).

DISCUSSION
Since the results of cross-sex and cross-strain bone marrow
and whole liver transplantation experiments indicated that the
bone marrow might be a source of hepatocyte progenitors, great
interests have been aroused in identification and isolation of
liver stem cells from bone marrow cells. Until recently, several
subsets of bone marrow cells have been found to have the
potential to differentiate into hepatocytes, such as KTLS cells
(c-kithighThylowLin-Sca-1+)[20], β2-m-Thy-1+ cells[27,28], multipotent
adult progenitor cells (MAPC, CD44–CD45–HLA–c-kit–)[18], and
C1qRp

+ Lin-CD45+CD38-CD34+/- cells[29]. These stem cells could
express different surface markers, and might represent different
stages or different branches along the differentiation and
developmental processes of bone marrow stem cells. So far,
the characteristic surface markers of BDLSC and their pedigrees
in the derivation of bone marrow stem cells remain obscure.
Any subset sorting methods based on phenotypes would certainly
lose other stem cells that have the ability to differentiate into
hepatocytes. Furthermore, the sorting manipulations of the above
stem cells with complicated surface markers are very difficult.
      Studies on liver regeneration showed that liver stem cells
could correspond to and repair liver injury only under certain
severe pathological circumstances such as extensive liver necrosis
due to chemical injury or hepatocytes treated with chemicals that
could block their proliferation[24]. Based on this mechanism, we
assumed to imitate the in vivo pathological microenvironment
of liver injury in culture of whole bone marrow cells, in order to
provide specific proliferation signals for BDLSC, and to avoid
resource loss of liver stem cells and complicated manipulation
due to subset sorting. The key of this method is to develop an
optimal “pathological microenvironment”. Olynyk et al.
demonstrated that in the cholestatic model of common bile duct
ligation, intrahepatic liver stem cells showed great proliferation[25].
Avital et al. recently reported that β2-m-Thy-1+ cells in bone
marrow could differentiate into cells with hepatocyte-like
phenotypes when co-cultured with adult hepatocyes in a medium
containing cholestatic serum[27], suggesting that there are
stimulating factors in cholestatic serum. In our experiments, we
used pathologically conditional selection medium containing
cholestaic serum to culture whole bone marrow cells. Results
showed that in the selection medium, a large number of the bone
marrow cells exfoliated, only part of the remaining cells presented
colonal growth during the first 3 d. When enriched with HGF on
d 4, rapid proliferation and differentiation emerged, and H-CFU
with various size appeared in 2 wk. The morphology and
phenotypic markers manifested that the cells of H-CFU were
similar to embryonic hepatoblasts. They expressed markers of
embryonic hepatocytes (AFP, albumin and CK18), biliary cells
(CK19), hepatocyte functional proteins (TTR and CYP2b1), and
hepatocyte nuclear factors (HNF-1α and HNF-3β). HNF-1α is a
transcription factor required for subsequent hepatocyte
differentiation, and transcription factor HNF-3β was known to
be important in endoderm specification. These results proved
that H-CFU were colonies of liver stem cells.
      In the culture system containing cholestatic serum, the
concentration of “pathological microenvironment” needs to
be considered. We found that 100 mL/L cholestatic serum was
fatal to all of the bone marrow cells, 70 mL/L cholestatic serum
prevented the colonies from growth and proliferation, 20 mL/L
cholestatic serum could not inhibit the growth of other cells,
while only 50 mL/L cholestatic serum acquired pure H-CFU.
The differences can be explained by the toxic contents of cholestatic
serum, which are the metabolic products cumulated under the
circumstances of common bile duct obstruction and hepatic
insufficiency, including bilirubin, bile acid, endotoxin, and ammonia,
etc. When cholestatic serum was confined to the optimal
concentration, BDLSC, possessing functions of bilirubin
conjugation and detoxification[30], could metabolize these toxic
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products and survive, and selectively proliferate responding
to the signal of liver injury. On the other hand, non-BDLSC
could not adapt to the environment and resulted in apoptosis.
To confirm that if the H-CFU had functional characteristics of
hepatocytes, we tested the glycogen and urea synthesis functions
of the cells and proved that the selected cells possessed hepatocyte-
like functions. Therefore, the “pathological microenvironment”
selecting medium based on cholestatic serum can select BDLSC
in two ways, providing selective proliferation signals for BDLSC
and eliminating non-BDLSC, so as to purify BDLSC.
      We demonstrated that a “pathological microenvironment”
selecting medium could select, proliferate and differentiate
BDLSC from whole bone marrow cells in vitro. This method
can not only provide a new and effective way for the isolation
and purification of extrahepatic liver stem cells, but also supply
a clue to obtain a readily available alternate source of cells for
clinical hepatocyte therapy.
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Abstract

AIM: The fears and concerns are associated with gastroscopy
(EGD) decrease patient compliance. Conscious sedation
(CS) and non-pharmacological interventions have been
proposed to reduce anxiety and allow better execution of
EGD. The aim of this study was to assess whether CS,
supplementary information with a videotape, or presence of
a relative during the examination could improve the tolerance
to EGD.

METHODS: Two hundred and twenty-six outpatients (pts),
scheduled for a first-time non-emergency EGD were randomly
assigned to 4 groups: Co-group (62 pts): throat anaesthesia
only; Mi-group (52 pts): CS with i.v. midazolam; Re-group
(58 pts): presence of a relative throughout the procedure;
Vi-group (54 pts): additional information with a videotape.
Anxiety was measured using the “Spielberger State and
Trait Anxiety Scales”. The patients assessed the overall
discomfort during the procedure on an 100-mm visual analogue
scale, and their tolerance to EGD answering a questionnaire.
The endoscopist evaluated the technical difficulty of the
examination and the tolerance of the patients on an 100-mm
visual analogue scale and answering a questionnaire.

RESULTS: Pre-endoscopy anxiety levels were higher in the
Mi-group than in the other groups (P<0.001). On the basis
of the patients’ evaluation, EGD was well tolerated by 80.7%
of patients in Mi-group, 43.5% in Co-group, 58.6% in Re-
group, and 50% in Vi-group (P<0.01). The discomfort caused
by EGD, evaluated by either the endoscopist or the patients,
was lower in Mi-group than in the other groups. The discomfort
was correlated with “age” (P<0.001) and “groups of patients”
(P<0.05) in the patients’ evaluation, and with “gender”
(females tolerated better than males, P<0.001) and “groups
of patients” (P<0.05) in the endoscopist’s evaluation.

CONCLUSION: Conscious sedation can improve the tolerance
to EGD. Male gender and young age are predictive factors of
bad tolerance to the procedure.

Trevisani L, Sartori S, Gaudenzi P, Gilli G, Matarese G, Gullini S,
Abbasciano V. Upper gastrointestinal endoscopy: Are preparatory
interventions or conscious sedation effective? A randomized
trial. World J Gastroenterol  2004; 10(22): 3313-3317
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INTRODUCTION
Esophagogastroduodenoscopy (EGD) is a safe and quick
procedure, and can be carried out without sedation[1]. However,
it can evoke anxiety, feelings of vulnerability, embarrassment
and discomfort[2], and the fears and concerns associated with
endoscopic procedure decrease patient compliance[2-4]. Indeed,
anxiety, discomfort, and pain are interrelated, and each may
increase the others[5], making EGD execution more difficult.
Several methods can be used to reduce patient pre-procedural
worries, such as psychological interventions using relaxation
and coping techniques[6,7], hypnosis[8], relaxation music[9],
acupuncture[10], educational materials including videotapes[11],
and presence of a family member during EGD[12]. However,
conscious sedation with benzodiazepines is the method most
widely employed[5]. Although usually safe, such medications
are not free of adverse effects[13-15], and the likelihood of sedative-
related complications increases in the presence of high anxiety
levels, requiring higher doses of drugs[2]. It follows that the
role of conscious sedation is not well defined, and its use varies
from country to country: up to 98% in USA, less frequently in
European countries, and quite rarely in Asia and South America[16].
The use of conscious sedation is also declining in the United
Kingdom[17], and many patients who receive detailed information
about the advantages and risks of sedation choose to undergo
EGD with pharyngeal anesthesia alone[18,19]. In our endoscopy
service, a standardized information sheet about EGD is given
to all patients, and the examination is routinely performed with
pharyngeal anesthesia alone.
     This randomized prospective study was to evaluate if
conscious sedation, additional information with a videotape,
or the presence of a family member during the procedure could
improve the tolerance to EGD and make the execution of EGD
easier. In addition, particular emphasis was put on psychologic
and procedure-related factors having a potential impact on the
patient perception of tolerance.

MATERIALS AND METHODS
Study population
For six consecutive months, the first two outpatients daily
referred for diagnostic EGD, fulfilling the eligibility criteria, were
asked to enter the study. Inclusion criteria were age between
18 and 65 years, no prior experience of endoscopic examinations,
and capability (evaluated by the endoscopist) of fully understanding
and filling up the questionnaires of the study. Exclusion criteria
were prior gastrectomy, psychiatric diseases or long-term
psychiatric drug addiction, presence of neoplastic or other serious
concomitant diseases, history of intolerance to benzodiazepines.
On the whole, two hundred and eighty patients were asked to
enter the study, and 228 of them were accepted. The patients
were randomly assigned to four groups by a computer procedure.
In the control group (Co-group), EGD was performed with
topical pharyngeal anesthesia alone (100 g/L lidocaine spray).
In the other three groups the following methods were used in
addition to pharyngeal anesthesia: conscious sedation with i.v.
midazolam 35 µg/kg (Mi-group); presence of a relative in the
endoscopy room throughout the procedure (Re-group); additional
information about the procedure using a videotape lasting for



about 10 min (Vi-group).
       The study protocol was approved by the ethical committee
of our hospital, and all patients gave their written consent to
participate in the study.

Patients’ assessments
Anxiety  Since the anxiety experienced by patients undergoing
EGD was hypothesized to be a factor related to potential
discomfort, anxiety was measured by the Spielberger State-
Trait Anxiety Inventory (STAI)[20] in the validated Italian
language version[21]. Patients were asked to complete STAI
before EGD. STAI is a 40-item questionnaire designed to measure
state anxiety and trait anxiety. State anxiety is a temporary and
situational anxiety, and trait anxiety is the tendency to awaken
state anxiety under stress. Both kinds of anxiety were scored in
the range of 20 to 80 points, a higher score indicated a greater
anxiety. Before EGD, the patients had also to specify what they
dreaded more about endoscopic examination, choosing among
five items: fear of pain, fear of stifling, fear of complications,
fear of endoscopic findings, and other.

Tolerance
Patients’ assessment of tolerance to EGD was carried out at
least 2 h after the end of the procedure. This interval was chosen
to minimize the risk of persisting anterograde amnesia, which
could potentially influence patient judgment. Patients assessed
their tolerance answering the question: “how did you tolerate
EGD?” (“well”, “rather badly”, “badly”), and rated the overall
discomfort during EGD on an 100-mm visual analogue scale (0:
no discomfort; 100: unbearable).

Endoscopist’s assessment
All EGDs were carried out by the same endoscopist, using video
endoscopes with a diameter of 9.8 mm (Fujinon video endoscopic
system-Fujinon, Tokyo, Japan). Immediately after endoscopy,
the operator recorded if EGD was completed, or it had to be
interrupted, or it could be completed only after administration
of sedatives (for Mi-group, after further sedatives in addition
to midazolam previously administered). Moreover, he evaluated
the ease of introduction of the instrument (“easy”: no failed
attempt of introduction; or “difficult”: one or more failed attempts
of introduction). Finally, he rated the discomfort caused to
patients during EGD on an 100-mm visual analogue scale (0: no
discomfort; 100: unbearable), and assessed the tolerance of the

patients grading it into three steps: “good”, “poor”, “very bad”.

Parameters monitored
Blood oxygen saturation (SaO2) and heart rate were continuously
monitored during EGD. Desaturation was defined as a decrease
in oxygen saturation below 90% for over 30 s. The occurrence
of complications was recorded after each procedure. The duration
of endoscopic examination was timed in all groups of patients.
In Mi-group, the degree of sedation was evaluated using the
Ramsay’s scale[22].

Statistical analysis
Characteristics of patients in the four groups were analyzed
using one-way ANOVA and chi-square test. Endoscopic findings,
tachycardia, motives of fear, answers of patients to the questions
about their tolerance to EGD, ease of introduction of the instrument,
and endoscopist’s evaluation of tolerance of patients to EGD were
compared in the four groups by using chi-square-test.
     State and trait pre-endoscopic anxiety levels, and the
discomfort rated by the patients and endoscopist on the 100-mm
visual analogue scale were analyzed using one-way and two-
way ANOVA. Two-way ANOVA was also used to evaluate the
influence of sex, age, and anxiety levels on the discomfort caused
by EGD. Linear-regression analysis was used to assess the
relationship between the state and trait anxiety scores, as well
as the correlation between patients’ and endoscopist’s evaluation
of the discomfort caused by EGD. A general linear model (GLM)
procedure was used to analyze the influence of sex, age, groups
of patients, state anxiety, duration of EGD, and endoscopic
findings on the degree of discomfort caused by EGD, assessed
by either the endoscopist or the patients.
       Results were considered statistically significant if P values
were <0.05 (two-tailed test).

RESULTS
Two patients (1 in Co-group and 1 in Mi-group) were excluded from
the study, as EGD was not completed. Two hundred and twenty-six
patients (90 males and 136 females, mean age 38±10.62 years,
range 19-63 years) could be evaluated. The four groups did not
differ in age, endoscopic findings, and duration of the examination.
The male: female ratio was lower in Mi-group than in the other
groups (P<0.05) (Table 1).
       Fourteen point five percent of patients in Co-group (6/62),
21.1% in Mi-group (11/52), 20.6% in Re-group (12/58), 16.6% in

Table 1  Demographic and clinical data of the patients

      Co-group        Mi-group        Re-group        Vi-group

Patients (n)              62             52              58              54

Gender (m/f)           25/37           9/43a           28/30           28/26

Age (yr; mean±SD)      37.85±10.44      40.13±10.55      35.20±10.57      39.24±10.57

State anxiety (mean±SD)      46.66±10.73      54.19±10.89b      46.03±11.42      39.62±9.05

Trait anxiety (mean±SD)      38.30±7.16      44.26±9.43b      37.22±8.21      38.05±9.63

Duration of EGD (seconds; mean ± SD)    145.88±45.18    157.40±48.09    140.60±35.56    142.96±39.11

Endoscopic findings (No cases):

Normal findings 30 25 26 22

Esophagitis   1   3   6 10

Hiatus Ernia   3   1   2   3

Gastritis or Duodenitis 24 19 19 14

Gastric or duodenal ulcer   2   2   3   3

Cancer   -   -   -   1

Other findings   2   2   2   1

aP<0.05, bP<0.001 vs the other three groups.
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Vi-group (9/54) had a heart rate higher than 100 beats/min before
starting EGD. During EGD, the heart rate exceeded 130 beats/min
for at least 30 seconds in 5, 2, 3, and 2 patients in the four groups,
respectively. No complication occurred, and no case of oxygen
desaturation was observed. According to Ramsay’s scale, in
Mi-group grade 2 sedation was reached in 50 patients, and grade
3 in 2 patients.
      State anxiety scores before EGD were significantly higher
in Mi-group than in the other groups (P<0.001), as well as trait
anxiety scores (P<0.001) (Table 1). State and trait anxiety scores
were strongly correlated (P<0.001).
      In all groups the most frequent cause of fear before EGD
was the fear of stifling (70 cases on the whole). The ease of
introduction of gastroscope did not differ among the four
groups, and the introduction resulted in difficulty just in one
patient of Co-group and in 3 of Vi-group.
       On the basis of patients’ assessment, the tolerance to EGD
was more frequently good when sedation was given: 80.7% of
patients in Mi-group tolerated well gastroscopy, vs 43.5% in
Co-group, 58.6% in Re-group, and 50% in Vi-group (P<0.01)
(Table 2). Conversely, no significant difference among the four
groups was observed in the evaluation of the endoscopist, who
nevertheless found that the discomfort caused by EGD was
lower in Mi-group than in Co-group (P<0.05) (Table 3). The degree
of discomfort was lower in patients of Mi-group than in those
of Co-group, but the difference was just close to threshold of
significance, but did not reach it (P = 0.059) (Table 3). The other
comparisons among the groups did not show any difference in
the degree of discomfort caused by EGD. The  evaluations of
the patients and those of the endoscopist were strongly
correlated (P<0.001, m = 0.45), even though the endoscopist
underestimated the degree of discomfort (Figure 1).
      Two-way ANOVA performed on the degree of discomfort
assessed by the patients, evaluated for factors “gender” and

“groups of patients” corrected for age, trait anxiety and state
anxiety, showed an inverse influence of the age (i.e. better
tolerance for older individuals, P<0.001) and the factor “groups
of patients” (P<0.05). Conversely, the degree of discomfort
assessed by the endoscopist was significantly influenced
by the factors “gender” and “groups of patients” (P<0.001 and
P<0.05, respectively). The factors “gender” and “groups of
patients” showed a true and constant interaction (interaction
factor P<0.01), reflecting behaviors significantly different
between males and females within the four groups, in particular
in Co-group (Figures 2A, B).
       Also the GLM procedure showed that age exerted the greatest
influence on the discomfort caused by EGD in opinion of the
patients (inverse correlation, P<0.001), whereas in opinion of
the endoscopist the discomfort was mainly influenced by the
gender (females tolerated EGD better than males, P<0.001)
(Table 4).

Figure 1  Linear regression of discomfort assessed by patients
and endoscopist.

Table 2  Tolerance to EGD and patients’ and endoscopist’s assessment

       Patients’ assesmentb      Endoscopist’s assessment

          Co-G           Mi-G           Re-G           Vi-G           Co-G           Mi-G            Re-G           Vi-G
(n) (n) (n) (n) (n) (n) (n) (n)

Good 27 42b 34 27 45 44b 54 42

Poor 31 10b 23 23 12   7b   4   7

Very bad   4   0b   1   4   5   1b   0   5

Mi-G: bP<0.01 vs the other three groups.

Table 3   Discomfort caused to patients during EGD and patients’ and endoscopist’s assessment (visual analogue scale)

     Co-G       Mi-G       Re-G       Vi-G
             (mean±SD)   (mean±SD)  (mean±SD)  (mean±SD)

Patient evaluation 33.01±22.12 21.98±21.60 29.17±22.95 26.12±21.94

Endoscopist evaluation 23.51±22.99 14.17±18.07a 16.43±14.42 20.81±24.04

aP<0.05 vs Co-G.

Table 4   Influence of some parameters on degree of discomfort caused by EGD (GLM procedure)

          Patient’s assessment       Endoscopist’s assessment

Parameter         Coefficient   SE                 P           Coefficient   SE                 P

Gender -0.251 3.153 0.937 -10.094 2.901 0.001

Age (yr) -0.621 0.140 0.000   -0.159 0.129 0.219

Groups of patients -1.138 1.325 0.391   -1.012 1.219 0.407

State anxiety  0.104 0.136 0.445    0.237 0.126 0.060

Time for EGD  0.046 0.039 0.237   -0.057 0.036 0.112

Endoscopic findings -0.813 1.774 0.647    3.158 1.632 0.054
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Figure 2  Discomfort assessed by patients and andoscopist,
and mean values for factors “groups of patients” and “gen-
der” with 95% c.l. Thick lines:  m = males;  f = females. Co-G:
control group Mi-G: midazolam group Re-G: relatives group
Vi-G: video group A:  Discomfort assessed by patients B:  Dis-
comfort assessed by endoscopist.

DISCUSSION
Although conscious sedation is the method most widely used
to reduce anxiety in patients undergoing EGD, its actual role is
still an unresolved problem. Very large differences in sedation
practice existed among different countries, and sometimes among
different units within the same country[5]. To our knowledge, this
is the first randomized trial comparing the efficacy in improving
the tolerance to EGD of conscious sedation, the presence of a
relative in the endoscopy room throughout the procedure, and
additional information by using a videotape. Abuksis et al.
demonstrated that previous endoscopy experience could reduce
anxiety level and influence patients’ compliance[23], and other
authors identified endoscope size as a significant variable in
determining tolerance to the procedure[24,25]. For these reasons,
in our study all patients enrolled had no prior endoscopy
experience, and all EGDs were carried out using gastroscopes
with the same diameter.
     Our results suggested that low-dose conscious sedation
with midazolam could improve the tolerance to EGD, according
to a previous trial reporting a lower discomfort in sedated patients
than in controls[26]. Conversely, the presence of a relative attending
the procedure and the use of informative videotape did not
seem to give the patients significant advantages over the controls.
However, better tolerance and lower discomfort were found in
Re-group and Vi-group than in Co-group by either the patients
or the endoscopist. Although these findings did not reach the
significance level, in our opinion they suggested that the method
used in controls (pharyngeal anesthesia only) was the worst
approach to perform EGD. Indeed, the multivariate analysis
showed constant differences among the groups of patients in
concern of the discomfort caused by endoscopy, highlighting
the usefulness of preparatory interventions in improving the
tolerance to EGD.
       The presence of relatives has been proved helpful in several
medical fields, such as to children during hospitalization and to
women during childbirth[27], but it is not a standard procedure
in digestive endoscopy. At present, just one randomized study
was published on this topic, and the results suggested that the

presence of a family member throughout endoscopy could
represent a promising approach[12]. Conversely, the usefulness
of additional information to reduce the anxiety and to improve
the compliance of patients has been widely investigated, but
with conflicting results. Detailed information before endoscopy
has been reported to reduce anxiety levels[11,28], but other studies
failed in demonstrating any usefulness of this approach[29],
and some authors found that the over-information about endoscopy
could even increase anxiety levels[30,31].
      The evaluation of the discomfort expressed by the patients
and the endoscopist showed a strong correlation in our study
(Figure 1). However, the endoscopist rated the patient degree
of discomfort as lower than the patients themselves. According
to the observation of Watson et al. that both endoscopists
and nurses underestimated the discomfort felt by the patients
[32]. Besides anxiety, in our experience age and gender also
influenced significantly the tolerance to endoscopy. Indeed,
high levels of discomfort during EGD have been recently
reported to be associated with younger age and high levels of
pre-endoscopic anxiety[24]. Older patients were likely to tolerate
endoscopy better than their younger counterparts as they had
a decreased pharyngeal sensitivity[33,34]. Unlike several studies
reporting better tolerance in men[26,35], we found that female
gender was associated with better tolerance. However, this
gender-specific finding has been disputed by other authors[3,

24,33].
      Despite the effectiveness of conscious sedation shown in
our study, we think it should be avoided whenever possible in
clinical practice. The extensive use of sedation would require
several extra-charges, including the cost of drugs, prolongation
of the procedure time, need of monitoring cardiopulmonary
functions, need of recovery room for post-procedure observation,
and the impossibility for patients to return to work immediately
after endoscopic examination[36]. Furthermore, sedative drugs
are not free of adverse effects. In our series, no complications and
oxygen desaturation were observed, and low-dose midazolam
induced just rarely significant alterations in cardiorespiratory
parameters[26]. Nevertheless, conscious sedation could cause
hypoxemia, which may induce cardiopulmonary complications,
and most complications associated with endoscopy were attributable
to the medications given for the procedure rather than the procedure
itself[13-15]. For these reasons, we think that further studies
incorporating cut-off points are necessary to identify the patients
who are likely to tolerate diagnostic gastroscopy without sedation.
Some other preparatory interventions might also be effective
to reduce endoscopy-related anxiety[37]. The intervention
techniques we used might be incorporated into our endoscopic
practice, as they are simple, quick, easy to reproduce, and their
extensive use doesa not require additional extra-charges, and
expose the patients to the risk of complications.
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Abstract

AIM: Biliary stones are frequently encountered in areas endemic
for opisthorchiasis in Thailand. The present study was to
describe the prevalence and pathogenesis of these stones.

METHODS: Gallstones and/or common bile duct stones
and bile specimens from 113 consecutive cholecystectomies
were included. Bile samples, including sludge and/or
microcalculi, were examined for Opisthorchis viverrini eggs,
calcium and bilirubin. The stones were also processed for
scanning electron microscopic (SEM) study.

RESULTS: Of the 113 cases, 82 had pigment stones, while
one had cholesterol stones. The other 30 cases had no
stones. Most of the stone cases (76%, 63/83) had multiple
stones, while the remainder had a single stone. Stones
were more frequently observed in females. Bile examination
was positive for O. viverrini eggs in 50% of the cases
studied. Aggregates of calcium bilirubinate precipitates
were observed in all cases with sludge. Deposition of
calcium bilirubinate on the eggshell was visualized by
special staining. A SEM study demonstrated the presence
of the parasite eggs in the stones. Numerous crystals,
morphologically consistent with calcium derivatives and
cholesterol precipitates, were seen.

CONCLUSION: Northeast Thailand has a high prevalence of
pigment stones, as observed at the cholecystectomy, and
liver fluke infestation seems involved in the pathogenesis
of stone formation.
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INTRODUCTION
Liver fluke infestation caused by Opisthorchis viverrini remains

a major public health concern in Southeast Asia[1], particularly
in Thailand where an estimated 6 million people are infected[2].
This infection is associated with a number of benign hepatobiliary
diseases, including cholangitis, obstructive jaundice, hepatomegaly,
cholecystitis and biliary lithiasis[3]. Both experimental and
epidemiological evidence implicate liver fluke infestation in the
etiology of bile duct cancer, i.e. cholangiocarcinoma[1,4,5].
      An association between liver fluke infection and biliary
lithiasis is well-recognized. Opisthorchis worm and/or eggs
have been observed in the stones of infected or previously
treated individuals[6], just as Clonorchis sinensis eggs were
found in the stones of those with Chinese liver fluke infection[7,8].
Several community-based studies in Northeast Thailand have
shown a significant increase in the frequency of biliary sludge
in people with a heavy infection[9-11]. Since biliary sludge is a
precursor of stone formation[12-14], opisthorchiasis likely plays
a role in the development of biliary stones in certain individuals.
However, the mechanism of liver-fluke-associated stone
development is unclear.
      We report the incidence of stone types, its relationship with
O. viverrini infection and bile/stone examinations. The potential
pathogenesis of opisthorchiasis-associated stones, in patients
from endemic areas of Thailand, is proposed.

MATERIALS AND METHODS
Patients
This study was carried out in Northeast Thailand, an area
endemic for opisthorchiasis. The study population included
113 consecutive patients scheduled for cholecystectomy at
Khon Kaen Regional Hospital from whom bile was obtained
between 1990 and 1991. The gallbladder diseases associated
with the cholecystectomies included cholelithiasis (n = 71),
cholecystitis with cholangiocarcinoma (n = 29) and cholecystitis
with other miscellaneous diseases (n = 13). None of the patients
had any history of hemolytic anemia or severe thalassemia.
      Patients ranged between 17 and 94 years of age (mean,
54.97±14.65) (45 females, 68 males). The study was carried out
in accordance with the principles embodied in the 1975 Helsinki
Declaration. A signed informed consent was obtained from each
patient.

Specimen collection and laboratory investigations
Gallstones and/or common bile duct stones and bile specimens
were collected from each individual. Bile samples aspirated from
the gallbladder were centrifuged at 3 000 r/min for 10 min, then
examined for the presence of O. viverrini eggs. At least four
pellet-smears per individual were examined before the specimen
was considered negative for eggs.
        For a demonstration of calcium and bilirubin, the bile smears
were air-dried and fixed in 40 g/L formaldehyde. Calcium and bilirubin
staining were performed using histochemical methods[15].
Calcium was stained black, bilirubin deep green.
      Five stones from each group with Opisthorchis egg-negative
and -positive bile underwent scanning electron microscopic
(SEM) study. Briefly, the stones were thoroughly washed in
distilled water and dried. After mechanical breaking, the stones



were sputter-coated with gold (agar aids-PS3, UK) and observed
under a Hitachi (Model S-3200N, Japan) scanning electron
microscope and photographed.

Statistical analysis
The χ2-test was used to analyze the association between the
frequency of gallstones and sex, disease association, parasite
egg status and age groups. A P value <0.05 was considered
statistically significant.

RESULTS
Cholesterol or pigment stones were classified by visual inspection.
Cholesterol stones were white or yellow and crystalline in
composition, pigment stones were black or black-brown and
amorphous.
       Of the 113 cases, 83 had stones while 30 had none. Most of
the stone cases (98.8%, 82/83) had pigment stones, while only
one had cholesterol stone(s). In addition, 63 of the 83 cases
(75.9%) contained multiple stones, while the remainder had a
single stone. Of the 29 cases with cholangiocarcinoma, 9 (31.0%)
contained stones while the others with miscellaneous diseases
had stones in 3 out of 13 (23.1%) cases. The prevalence of

stones in all of the sample groups was significantly higher in
females (χ2-test, P = 0.028). No association between stones
and age groups (stratified as < 40, 40-49, 50-59 and > 60 years)
was found (χ2-test, P = >0.05).
       Bile examination was positive for O. viverrini eggs in 57 of
the 113 cases (49.6%) studied. The presence of parasite eggs
was not associated with the frequency of stones or disease
association (χ2-test, P = >0.05). Most of the eggs were
embedded in mucous gel. Aggregates of calcium bilirubinate
precipitates were observed in all cases with sludge. Three cases
had clear deposits of calcium bilirubinate on the eggshell, seen
by special staining. Specifically, calcium was stained immediately
adjacent to the eggshell, while bilirubin was observed in the
outer layer (Figure 1 A, B). Examples of parasite egg-associated
microcalculi aggregation and stone development are shown in
Figures 2A-D.
      A SEM study demonstrated the presence of parasite eggs
in the center of stones from all of the Opisthorchis egg-positive
cases. Interestingly, 3 of the 5 egg-negative cases contained the
parasite eggs in the stones. Numerous crystals, morphologically
consistent with calcium derivatives and cholesterol precipitates,
were observed. Typical SEM pictures of the stones are shown
in Figures 3A, B.

Figure 1  Histochemical staining of biliary sludge for bilirubin (A) and calcium (B). Calcium appears as dark deposits on the
Opisthorchis eggshell (arrow) and bilirubin precipitates are demonstrated in the outer layer (arrowhead). Normal parasite eggs
without deposition are shown in the same field. (A = Fouchet stain, B = von Kossa stain).

Figure 2  Typical pictures showing the cascades of Opisthorchis egg-associated stone formation starting from aggregation of the
eggs admixed with mucin (A), deposition of calcium bilirubinate on the eggshells (B), and formation of tiny stones (C & D). Original
magnification, x100 (A & C) and x200 (B & D).
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Figure 4  Diagram showing the proposed pathogenesis of
Opisthorchis-associated biliary stone.

DISCUSSION
Biliary lithiasis is a common indication for cholecystectomy in
most parts of the world. However, the prevalence and types of
stones differ geographically[16-18]. Pigment stones, mostly
containing calcium bilirubinate, generally constitute 10 to 27
percent of all gallstones in America and Europe, the predominant
type was cholesterol stones[19-21]. In contrast, the prevalence
of pigment stones is high in Asia, accounting for 90% of all
stones in some parts of China[22]. In our study, almost all the
cases (98.8%) of biliary lithiasis involved pigment stones. This
is probably the highest reported relative frequency of pigment
stones found during cholecystectomy. It exceeds a report from
Bangkok, Central Thailand, where pure cholesterol stones
represent 32% of stones[23]. Stones in our study of Northeast
Thailand, however, occurred more frequently in females than
in males as in other countries[19-20].
      The association between certain parasitic infections and
biliary stone formation is well documented[7,24-27]. Our study
demonstrated Opisthorchis eggs in the sludge from the
gallbladder bile confirmed the sludge seen in other ultrasound
studies performed in Northeast Thailand[12-14]. However, our
study failed to demonstrate the association between O. viverrini
infection and the presence of stones, perhaps because of
previous self-treatment with praziquatel, an anthelminthic widely
used in Northeast Thailand[2]. We collected the treatment data,

but they were not reliable as patients did not record when or how
many times they took the medication before cholecystectomy.
Moreover, re-infection is common in people in endemic areas.
       SEM data from egg-negative patients revealed parasite eggs
in the nidi of the stones, indicating these patients were
previously infected. Budget constraints meant that only a limited
number of cases were confirmed by SEM. More stones should
be studied to test the validity of the findings.
     The mechanism by which parasite infection enhances
pigment stone formation is not clearly understood. The present
study demonstrated O. viverrini eggs in the biliary sludge and
gallstones in both bile smears and the SEM, while Riganti
et al.[6] observed both adult worms and eggs in the nidi of
gallstones from two patients. Riganti et al. also demonstrated
calcium bilirubinate in pigment stones, as previously reported
in stones associated with C. sinensis[7,8] and ascariasis[8,27,28].
These observations have led investigators to conclude that
parasite eggs and/or worms may directly stimulate stone
formation[6,8]. Our histochemical findings on the calcium and
bilirubin coatings on the O. viverrini eggs support this
hypothesis. The presence of calcium coating on the outer
surface of the parasite eggshell suggests that the eggs may act
as a nucleus for stone formation. This may be similar to
peripheral calcification of existing cholesterol stones[29]. Since
calcium is an active element, and can precipitate several bile
constituents including bilirubin, carbonate and phosphate -
major components of pigment stones[30]. The parasite eggs
precipitated with calcium bilirubinate and admixed with mucin,
which is abundant in a liver fluke infection[3,25]. Mucin secreted
by biliary epithelial cells has been recognized as an important
local factor in gallstone pathogenesis[31]. This orchestrated
process can eventually produce mature pigment stones as
generally described[32].
      Additionally, liver flukes that inhabit the bile ducts can
partially obstruct the lumen leading to bile stasis and ascending
cholangitis[3]. E. coli, a common bacterial species infecting the
biliary system[23,33], releases β-glucuronidases, which can
hydrolyze the glucuronic acid from the conjugated bilirubin[34-36].
The resulting unconjugated bilirubin precipitates as calcium
salts, which is the first step in pigment stone formation[32,34].
Bile stasis is not only a condition for ascending infection but
also induces stagnation of the bile components leading to stone
formation[37]. Heavy Opisthorchis infection can induce poor
emptying of the gallbladder[9-11]. In addition, our recent report
has shown that severe fibrosis of the gallbladder wall is the
main histopathology of chronic opisthorchiasis[38]. These
altogether support the role of this liver fluke in gallbladder
stasis, ascending cholangitis and enhanced stone formation.
From previous data and our own observations, a proposed
pathogenesis of Opisthorchis-associated pigment stone formation

Figure 3  SEM micrographs of gallstones showing Opisthorchis eggs with typical musk-melon-eggshell surface in the nidi of the
stones. Several crystalline structures consistent with calcium (Ca), bilirubin derivatives (Bi) and cholesterol (Ch) could be noted
(AB). Higher magnification with highlighting calcium bilirubinate deposition on Opisthorchis eggshell and mucus is shown in
Figure 3B.
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is presented in Figure 4.
       In conclusion, Northeast Thailand has a high incidence of
pigment stones compared to cholesterol stones at cholecystectomy.
Our study clearly demonstrates that calcium bilirubinate
precipitates on parasite eggshells both in light and SEM studies.
This supports the role of O. viverrini infection in the pathogenesis
of pigment stone formation.
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Abstract

AIM: Achalasia is the best known primary motor disorder
of the esophagus in which the lower esophageal sphincter
(LES) has abnormally high resting pressure and incomplete
relaxation with swallowing. Pneumatic dilatation remains
the first choice of treatment. The aims of this study were
to determine the long term clinical outcome of treating
achalasia initially with pneumatic dilatation and usefulness
of pneumatic dilatation technique under endoscopic
observation without fluoroscopy.

METHODS: A total of 65 dilatations were performed in 43
patients with achalasia [23 males and 20 females, the mean
age was 43 years (range, 19-73)]. All patients underwent
an initial dilatation by inflating a 30 mm balloon to 15 psi
under endoscopic control. The need for subsequent dilatation
was based on symptom assessment. A 3.5 cm balloon was
used for repeat procedures.

RESULTS: The 30 mm balloon achieved a satisfactory result
in 24 patients (54%) and the 35 mm ballon in 78% of the
remainder (14/18). Esophageal perforation as a short-term
complication was observed in one patient (2.3%). The only
late complication encountered was gastroesophageal reflux
in 2 (4%) patients with a good response to dilatation. The
mean follow-up period was 2.4 years (6 mo - 5 years). Of
the patients studied, 38 (88%) were relieved of their symptoms
after only one or two sessions. Five patients were referred
for surgery (one for esophageal perforation and four for
persistent or recurrent symptoms). Among the patients
whose follow up information was available, the percentage
of patients in remission was 79% (19/24) at 1 year and
54% (7/13) at 5 years.

CONCLUSION: Performing balloon dilatation under endoscopic
observation as an outpatient procedure is simple, safe and
efficacious for treating patients with achalasia and referral
of surgical myotomy should be considered for patients who
do not respond to medical therapy or individuals that do
not desire pneumatic dilatations.
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INTRODUCTION
Achalasia is an uncommon disorder of the esophagus characterized
by clinical, radiologic and manometric findings. Dysphagia,
regurgitation, weight loss and chest pain are among the most
recognized clinical features of the disease. Manometrically it is
distinguished by esophageal aperistalsis and incomplete
relaxation of the lower esophageal sphincter (LES). Esophageal
dilatation and a tapered deformity of the distal esophagus are
presumably late radiological manifestations of the disease[1,2].
The pathogenesis of achalasia remains unknown. Available data
suggest hereditary, degenerative, autoimmune and infectious
factors as possible causes for achalasia, the latter two are the
most commonly accepted possible etiologies. The mean age of
onset varies between 30 and 60 years with a peak incidence in
the fifth decade. The incidence is 1.1 per 100 000 with a
prevalence of 7.9 to 12.6 per 100 000[2,3].
       Although there is no definite cure for achalasia, the goals of
treatment should be: 1) relieving the patient’s symptoms, 2)
improving esophageal emptying and 3) preventing
development of a megaesophagus. The optimal treatment of
achalasia includes several options and presents a challenge
for most gastroenterologists. It can be treated by botulinum
toxin injection, pneumatic dilatation or esophagomyotomy, but
the most effective treatment options are graded pneumatic
dilatation and surgical myotomy. All of these therapeutic
modalities are aimed at removing the functional barrier at the
lower esophageal sphincter level. Although high success rates
have been reported for these therapeutic modalities, the fact
remains that the esophageal propulsive force is not usually
restored and therefore it is conceivable that a normal esophageal
function can never be expected among these patients[2,4,5].
       The aim of our study was to evaluate the safety and efficacy
of graded pneumatic dilation using two different size (3.0 and
3.5 cm) balloon dilators (Rigiflex) in patients with primary
esophageal achalasia. We hereby report our experience, which
indicates that pneumatic dilatation can be safely performed
under direct endoscopic observation without fluoroscopic
guidance and with only a short-term clinical monitoring in an
outpatient setting prior to discharge.

MATERIALS AND METHODS

Patients
Forty-three consecutive patients (23 males and 20 females) were
evaluated.  The ages ranged from 19 to 73 years with a mean
age of 43 years. All patients were referred because of typical
symptoms of achalasia. All had dysphagia, but some also had
regurgitation or pulmonary aspiration (Table 1). The diagnosis
of achalasia was made on the basis of clinical, radiologic and
manometric criteria. Barium esophagogram showed a distal
narrowing of the esophagus (bird beak deformity) and variable
degrees of dilation of the esophagus in most patients (93%).
Mean esophagus diameter was 3.8 cm (range, 2-6.3 cm). Upper
endoscopy was done in all patients to exclude secondary causes
of achalasia. Computerized tomography of the chest was done
in 12 patients over age 40 with significant weight loss over a
short period (six months or less) to exclude mediastinal malignancy



causing pseudoachalasia.
         Eligibility criteria for entry into the study required: a diagnosis
of achalasia by manometry as defined above, absence of
obstructive intrinsic or extrinsic esophageal lesions by X-ray
and endoscopy, and Absence of esophageal or gastric carcinoma,
a peptic stricture or a prior surgical fundoplication.
       Symptoms of the patients were scored using a questionnaire
requesting information regarding the presence and severity of
their difficulty in swallowing solids and liquids on a 5 point
subjective visual scale: 0 = no symptoms, 1 = mild, 2 = moderate,
3 =  severe, 4 = very severe.

Table 1  Clinical characteristics and demographic data of pa-
tients [mean±SD, (min-max)]

Age (yr)         44±16 (19-73)
Gender (M/F)               23/20
Dysphagia               43 (100%)
Chest pain                                                             5 (11%)
Regurgitation                                                      34 (79%)
Pulmonary aspiration                                           9 (21%)
Mean duration of symptoms (mo)                35±21 (6-72)
Mean weight loss (kg)                                   7.7±2 (4-11)
LES pressure (mmHg)
       Before dilation                                     38.6±12 (19-66)
       After dilation                                         11.8±8 (0-16)
Vigorous achalasia                                                1 (2.3%)
Esophagus diameter (cm)                                 3.8 (2-6.5)

Esophageal manometry
Esophageal manometry was performed in all patients with a
four lumen polyvinyl catheter with Dent sleeve working with a
pneumohydraulic capillary perfusion system (Synectic PC
polygraph- Gastrosoft Inc.Upper GI edition, version 6.0).
Manometric examinations were performed by the same author.
LES was localised using the station pull-through technique.
Other three orifices, located 5 cm apart and also oriented at 90º
angles, for determination of the peristalsis and pressures, by
placing the distal orifice 5 cm above the LES. The peristalsis
was measured with 10 wet swallows of 5 mL of water, each at
intervals of 60 s or more. Aperistalsis was the absolute
manometric criteriron required for the diagnosis of achalasia
with increased LES pressure and incomplete/absent relaxation
were the complementary findings[7]. Incomplete relaxation was
defined as the failure of LES pressure to drop to gastric baseline
during a dry and /or wet swallow (Figure 1).

Technique of pneumatic dilation
All dilations were performed on outpatients. Dilations were

done by the same authors using the Rigiflex achalasia balloon
dilators (Microvasive) in a graded manner. A 3.0 cm dilator was
always used first. If there was still no symptomatic response, a
3.5 cm dilator was used after 6-8 wk. After clear liquid diet for
24 h and an overnight fast, an endoscope (Pentax EG-2940)
was passed after application of a local anesthetic to the pharynx
under conscious sedation (Midazolam 0.04 mg/kg iv) to evacuate
the residual liquid from the esophagus and to insert a guide
wire. The guide wire was placed into the duodenum via
stomach under endoscopic guidance and endoscope was
removed. A Rigiflex balloon dilator, which was marked with a
thick coloured marker at the mid section of the balloon was
passed over the guidewire to stomach and slightly inflated
(less than 5 psi) to get a soft tube shaped form. Endoscope was
reinserted and positioned proximally to adjust and control the
position of the balloon in the esophagus. Balloon was withdrawn
to esophagus and marked part of the balloon was located
within the gastroesophageal junction under endoscopic
control (Figure 2). The balloon was then inflated until 15 psi.
and inflation was maintained for 60 s. Ischemic ring  at the
lower esophageal sphincter level was seen during dilatation
through the transparent balloon. After repeating of the same
inflation procedure one more time at the same session
endoscopic dilatation was terminated and endoscope, balloon
and guidewire were removed. Balloon dilator surface was
checked to see if there was blood on it. The procedure was well
tolerated by all patients.

Figure 2  Technique for pneumatic dilatation under endo-
scopic control without fluoroscopy. The balloon was posi-
tioned so that its midsection was at the high pressure level
(A). The balloon was inflated and the endoscopist observes
with endoscope proximally to balloon (B). With successful
dilatation the ischemic ring of dilated segment was dimin-
ished or disappeared (C).

Figure 1  Manometric samples from a normal individual (A) and a patient with achalasia (B). Figure A illustrates the normal
peristaltic activity forwarding at cranio-caudal direction whereas figure B shows typical manometric findings of achalasia. Note the
aperistalsis, weak and simultaneous contractions (mirror sign), and incomplete LES relaxation after swallow. Basal LES pressure is
high (40 mmHg).
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     The severity of chest pain in patients was scored after the
balloon dilation on a scale of 0-10 (0, absence of pain; 10 severest
pain). Gastrograffin swallow was done few hours after dilation
to exclude esophageal perforation. After an observation period
of 6 h, patients were discharged and permitted to eat the next
morning.
      Second esophageal manometry and symptom scoring were
performed in all patients with therapeutic response six weeks
after pneumatic dilation to evaluate the efficacy of endoscopic
balloon dilation.
      The response to balloon dilation was considered excellent
if there was no or very rare mild dysphagia, good if there was
intermittent mild dysphagia, or poor if there was persistent
daily mealtime dysphagia. The balloon therapy was considered
successful if the patients had a good or excellent response.

Statistical analysis
Results were expressed as either percentages or mean±SD.
Statistical analysis was performed using Chi-square test,
Kendall’s tau-b coefficient and Mann-Whitney U test as
appropriate. P<0.05 was considered statistically significant. The
cumulative remission rates of the patients treated with balloon
dilation were estimated by the Kaplan-Meier method and the
difference between treatment groups was tested by the log
rank test.

RESULTS
The clinical characteristics and demographic data of patients
are shown in Table 1. The mean LES pressure was 37.6±12 mmHg.
Relaxation failure of LES and aperistalsis with low amplitude
simultaneous uniformed waves were present in all patients.
Only one of the 5 patients with retrosternal pain was diagnosed
as a vigorous achalasia (2.3%) at esophageal manometry. The
LES pressures and symptom scores of successfully dilated
patients were decreased significantly one month after dilation,
(37.6±12 vs 9.5±3) and (2.9±0.6 vs 0.8±0.6) respectively (P<0.01)
(Figure 3). There was no significant correlation between the
parameters of age, sex, initial LES pressure, symptom score and
barium study findings.
      Chest pain was reported by all patients during the initial
dilation, with a mean pain score of 7.2±2.3 (range, 4-10). Chest
pain score was 8.1±1.8 in patients who were successfully dilated
at the first session although score was 4.8±2.1 in patients with
a poor response to initial balloon dilation (P<0.05). Chest pain
after the procedure usually lasted for 30-60 min and was
substernal in nature, diminishing gradually over time and
resolved completely within 2 to 6 h.
       The results of balloon dilation are summarized in Table 2.  A
total of 65 dilatations were performed in 43 patients for an
average of 1.7 dilations per patient. The 3 cm balloon was always
used first. Twenty-four patients (56%) were successfully dilated

with a 3 cm balloon only. Fourteen patients had an excellent
response (32.5%) and 10 patients had a good response (23%)
to 3.0 cm balloon dilation. Old age at the time of initial pneumatic
dilatation was significantly associated with a better clinical
response to treatment as assessed by the need for subsequent
treatments (Kendall’s tau-b = 0.414, P = 0.016) (Table 3).

Table 2  Results of rigiflex balloon dilation  under endoscopic
control

Inflation pressure (psi)       15

Dilation time per session (s)      2×60

Success with 3.0 cm balloon 24/42(56%)

Success with 3.5 cm balloon 14/18(78%)

Overall success rate at first  year1 19/24(80%)

Overall success  rate  at 5 years1   7/13(54%)

Complications

   Perforation   1(2.3%)

   Bleeding         -

   Mortality         -

1Among the patients whose long term follow up information
was available.

Table 3  Effect of age, LES pressure and esophageal diameter
on the clinical benefit of the initial pneumatic dilation. 1With
3 cm balloon

                   Patients with                    Patients with
                 successful initial              successful initial            P
               pneumatic dilation          pneumatic dilation

           (n = 24)                                  (%)

Age (yr)

   <35                     4/14                                 28                   <0.01
   35-55                11/17                                65

   >55                    9/11                                 82
LES pressure (mmHg)
   <30                    6/12                                 50

    30-45               13/21                                 62                      NS
   >45                     5/9                                   55

Esophageal diameter (cm)
   <3                       4/7                                   57

    3-4                   11/21                                 52                      NS
   >4                       9/14                                 64

NS: Non significant.

       Eighteen patients (42%) with a poor response to 3.0 cm
balloon were dilated with a 3.5 cm balloon at intervals of 6-8 wk.
Nine patients had excellent, five had good and four patients
had poor response to the second dilation with a 3.5 cm balloon.

Figure 3  Lower esophageal sphincter pressures (LESP) (A) and symptom scores (B) of patients with therapeutic response initially
and at one month after pneumatic dilatation.
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Patients with a poor response to the second dilation with a
3.5 cm balloon were dilated with a 3.5 cm balloon at the third
time but all of them were symptomatic after a while and these
patients were no longer treated with a larger balloon (4 cm),
instead, surgical treatment was suggested. One patient who
refused surgery had repeated dilation every 6 to 12 mo with a
3.5 cm balloon due to symptom recurrence.
       The mean follow-up period in the entire group was 2.4 years
(range, 6 mo -5 years). Among the 38 patients whose long term
follow up information was available, 33 (87%) at six months
were asymptomatic [Among them 23 (70%) required once
and 10 (30%) required twice dilation]. At the end of the first
year, 16 of 24 patients (66%) whose follow up information was
available were asymptomatic. Among the 24 patients, 3 (12.5%)
complained of mild intermittent dysphagia and 5 (21%) had
intermittent severe dysphagia. The total number of asymptomatic
patients and patients with mild dysphagia was 19 (79%) at the
end of the first year. Among these, 10 patients  (52%) required
a second dilation.
       Among patients whose follow up information was available
at 3 years the 19, 13 were in remission (68%) (5 asymptomatic
and 8 with intermittent mild dysphagia). Among patients whose
follow up information was available at 5 years the 13, 7 were in
remission (54%) (3 were asymptomatic and 4 with mild
intermittent dysphagia). Among the total, 3 patients (44%)
required once and 4 (56%) required twice dilation (Figure 4).
Figure 5 shows the Kaplan-Meier plot for the two treatment
groups of patients who were dilated once or twice. The
cumulative one, three and five year remission rates were higher
in patients dilated twice but this difference was not statistically
significant (Log rank χ2  = 2.10, P = 0.1471).

Figure 4  Percentage of patients with excellent and good re-
sponse to dilatation at 6 mo, 1, 3 and 5 years.

Figure 5  Kaplan-Meier plot for the two treatment groups of
patients who were dilated once2 or twice1. The cumulative one,
three and five year remission rates were higher in patients
dilated twice but this difference was not statistically significant
(Log rank χ2  = 2.10, P = 0.1471).

     Gastrograffin swallow done immediately after balloon dilation
revealed esophageal perforation in one patient (2.3%) (a 60
years old female) with persistent chest pain and surgical therapy
was required. There were no other immediate complications.
Reflux esophagitis as a late complication was observed in two
of the patients who had a good response to dilatation during
the follow up period (4%).
       Blood on the balloon after dilatation was a common finding.
There was no statistically significant correlation between
bloody dilator and dilatation success (P>0.05).

DISCUSSION
This study analysed the effectiveness of pneumatic balloon
dilation and the clinical outcome in patients with achalasia. Our
results showed that once or twice pneumatic dilatation provided
good results in the majority of patients with achalasia and long
term results were 79% at 1 year and 54% at 5 years. Of the
patients studied, 38 (88%) were relieved of their symptoms
after one or two sessions. An initial pneumatic dilation was an
effective single treatment with no further treatment needed in
57% of patients in a short term period. The remaining 43% of
patients treated initially with pneumatic dilation needed
additional treatments due to persistent or recurrent symptoms
and only 11% of patients failing pneumatic dilatation were
referred for surgery (4 with poor response to repeated dilations
and 1 with perforation due to dilation). Four patients with a
poor response to the second dilation with a 3.5 cm balloon
were dilated with a 3.5 cm balloon the third time but all of them
were symptomatic after a while and these patients were not
treated with a larger balloon. Some studies have reported using
a 3.5 cm balloon instead of a 3 cm balloons one as the initial
balloon but others have used 3 cm for the initial dilatation[8,9,11].
In our series application of the second pneumatic dilation
increased the long term clinical benefit of pneumatic dilation
from 30% at six months to 57% at 5 years, but this difference
was not statistically significant (P>0.05) (Figure 4). To some
extent, our results about the clinical benefit of a single
pneumatic dilatation and the use of the second dilatation for
patients with persistent symptoms are in agreement with other
studies. It has been shown that the overall efficacy of
endoscopic balloon dilation was approximately 85%, with an
excellent to good response for 3, 3.5 and 4 cm dilators being
70%, 87% and 93% respectively (9 studies; four prospective,
five retrospective, 261 patients, a mean follow up of 1.9 years
(range; 0.3 to 6 years)[10-17] (Table 4). Approximately 50% (range,
17% to 75%) of all patients required repeat dilations, equaling
to 1.2 to 2 dilations per patient. About one half of patients
responded to a repeat dilation, with the remainder either
proceeding to surgical management or deciding to live with
their persistent symptoms. The reported overall long-term
efficacy of pneumatic dilatation was 50-90% at 1 year and 60%
at 5 years[1]. The major adverse event with pneumatic dilatation
was esophageal perforation with a 2% cumulative rate. The
American Society for Gastrointestinal Endoscopy has
recommended that if a single dilation session (size of the balloon
dilator unspecified) does not produce satisfactory relief, a
second attempt may be warranted and if this fails, surgery
usually is indicated[15].
      The patient population undergoing initial dilation in this
study was not large enough to compare the effect of age on the
dilation success, but our results indicate that initial pneumatic
dilation was more effective in older patients (χ2 value: 8.215a,
P = 0.016, Kendall’s tau-b 0.414, P = 0.001). This increased
clinical benefit of pneumatic dilation in old patients has also
been described by other investigators[19,21,22]. There was no
significant difference between the mean ages of the patients
with and without remission at the end of 1 and 5 years although
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the patients in remission at 5 years were older, [43±16 (n = 19)
vs 48±16 (n = 5) (P>0.05) at 1 year and 53±17 (n = 7) vs 37±14
(n = 6) (P>0.05), at 5 years respectively]. The efficacy of
pneumatic dilatation was not influenced by initial LES pressure
and esophageal diameter (Table 3).
       After balloon dilation, the mean LES pressure was 11.8±4
mmHg (range, 0-16 mmHg) and it represented 75% decrease of
basal LES pressure. It has been shown that basal LES pressure
decreased from 39% to 68% after dilation but these changes
did not allways indicate a dilation success. In general, a
decrement in LES pressure of more than 50% or an absolute
end-expiratory LES pressure of less than 10 mmHg were more
indicative of clinical success[2]. Timed barium esophagogram
or scintigraphy may correlate with symptomatic improvement in
up to 72% of patients. In spite of this similarity, approximately
one third of patients who noted complete relief showed less
than 50% improvement in barium column height and esophageal
diameter[21].
      Only one of 43 patients in our series had an esophageal
perforation during treatment with pneumatic dilatation (2.3%).
This complication rate is similar to those reported by other
experienced groups[9,19,20]. Gradual increase in dilator size based
on symptomatic response and the use of inflation pressure
between 10 to 15 psi can minimize the risk of perforation.
Esophageal perforation may occur in up to 5% of all reported
cases, with a possible increased risk if hiatal hernia is present.
In our study gastrograffin swallow was performed in all patients.
Using immediate contrast studies to exclude perforation became
routine in the late 1970’s, and using this approach has been
recommended in several studies and text books. Some authors
suggested that contrast studies were indicated only when
there was clinical suspicion of perforation. It has been reported
that an immediate contrast study may not always exclude a
perforation which may become clinically evident several hours
later[5].
       Less commonly, intramural hematoma, diverticula at gastric
cardia, mucosal tears, reflux esophagitis, prolonged post-
procedure chest pain, fever, hematemesis without changes in
hematocrit and angina may occur after pneumatic dilatation.
Objective assessment of gastroesophageal reflux after pneumatic
dilation rarely has been studied. Abnormal 24 h pH scores have
been documented in approximately 20% to 33% of patients
after dilation. In spite of these abnormal scores, very few of
these patients were symptomatic or developed endoscopic or
clinical evidence of GERD related complications. It has been
shown that postdilatation LES pressures and gastric emptying
were similar between reflux and non-reflux groups[2]. Since GERD
related symptoms correlated poorly in achalasia patients, 24 h
pH monitoring has been recommended for patients that developed
frequent heartburn, reflux or chest pain in spite of an otherwise
good clinical response to dilation. One of the important points
of this study was the dilatation technique which did not require
fluoroscopic control (see materials and methods). Our experience

shows that Rigiflex balloon can be successfully positioned
across the gastroesophageal junction and inflated under direct
endoscopic observation. This technique is as effective as
conventional fluoroscopic technique and has an advantage to
prevent patients and endoscopists from an additional X-ray.
Furthermore we have seen that patient tolerability was very
good and success rates were reasonable and comparable with
others. Safety and efficacy of pneumatic dilation for achalasia
without fluoroscopic control also have been shown by Lambroza
and Levine[16,18].
     In a recently published interesting study, Cheng et al.
evaluated the usefulness of temporariy placing of covered
stents for 3-7 d versus pneumatic dilatation and found that the
early and late (at one and three years respectively) relapse
rates were quite low in the stent treated group versus the
pneumatic dilatation treated one[23]. The success of this method
was suggested to be due to chronic tearing of the cardia
muscularis which resulted in a diminished amount of fibrosis
and so restenosis after the stent was withdrawn.
      The results of our study suggest that pneumatic dilatation
for achalasia without fluoroscopic guidance is a safe and
effective treatment modality. A graduatl increase in dilator size
based on symptomatic response minimizes complications.
Symptomatic patients with achalasia who are good surgical
candidates should be given an option of graded pneumatic
dilatation before surgery. Although surgical myotomy, once
with a high mortality and long hospital stay, can now be
performed laparoscopically with a similar efficacy to the open
surgical approach, reduced morbidity and hospitalization time,
referral of myotomy should be considered for patients who do
not respond to medical therapy or individuals that do not desire
pneumatic dilatations. The advantages of pneumatic dilatation
over surgical myotomy are a brief period of discomfort, a very
short hospital stay and consequently low exposure.
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Abstract

AIM: A circannual variation in the onset of several acute diseases,
mostly dealing with cardiovascular system, has been reported.
The present study was to verify the possible existence of a
seasonal variability in the onset of acute pancreatitis.

METHODS: All patients consecutively admitted to the Hospital
of Ferrara, Italy, between January 1998 to December 2002,
whose discharge diagnosis was acute pancreatitis, were
considered. According to the time of admission, cases were
categorized into twelve 1-mo intervals and in four periods
by season. χ2 test for goodness of fit and partial Fourier
series were used for statistical analysis.

RESULTS: During the study period, 549 cases of acute
pancreatitis were observed. A significant peak of higher
incidence was found in March-May, both for total population,
males and subgroups with and without cholelithiasis or
alcoholism. Fourier analysis showed the existence of a
circannual rhythmic pattern with its main peak in March (95%
C.L.: February-April, P = 0.005), and a secondary one in
September. Death occurred more frequently in December-
February, compared to the other periods (P = 0.029), and
chronobiologic analysis yielded a seasonal peak in November-
December (P<0.001).

CONCLUSION: This study shows the existence of a circannual
variation in the onset of acute pancreatitis, with a significantly
higher frequency of events in the spring, especially for patients
with cholelithiasis or alcoholism. Moreover, events occurring
during the colder months seem to be characterized by a
higher mortality rate.
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INTRODUCTION
Many studies have shown a circannual variation in the onset
of several diseases mostly dealing with cardiovascular system,
characterized by an abrupt onset, e.g., fatal pulmonary embolism[1,2],
ischemic and hemorrhagic stroke[3,4] and rupture of aortic
aneurysms[5,6]. Seasonal specific patterns have also been reported

for a series of miscellaneous diseases characterized by an acute
onset, treated by the Emergency Department, including paralysis
of cranial nerves[7], microcristalline arthritis[8], herpes zoster
infection[9], epistaxis[10], urinary retention[11]. In the last few years
several studies have investigated gastroenterologic diseases,
and seasonal etiological patterns have been reported for the
onset of peptic ulcer[12-15] and exhacerbation of inflammatory
bowel diseases[16-18]. The aim of the present study was to determine
by means of a validated chronobiological analysis, whether acute
pancreatitis, a common but potentially harmful entity, might
show a rhythmic seasonal variation as well.

MATERIALS AND METHODS
All cases of acute pancreatis (International Classification of
Diseases, 9th Revision, Clinical Modification, ICD9-CM code:
577.0-8) consecutively observed from 1 January 1998 to 31
December 2002 at the St. Anna Hospital of Ferrara, Italy, were
considered for the study. Ferrara is a small town in northern
Italy particularly well suited for epidemiological studies. It has
a stable population of approximately 150 000 inhabitants, almost
exclusively white. The only available hospital in this community
is St Anna Hospital, which also serves as the sole teaching
center for the School of Medicine. The day and month of each
event were categorized both into four 3-mo periods (according
to seasons) and into twelve 1-mo intervals. Diagnosis was
always made on the basis of clinical features, physical examination,
laboratory data (serum amylase, isoamylase, lipase, and urinary
amylase), and instrumental examinations, when necessary. For
all subjects with acute pancreatitis the presence or absence of
the two leading specific risk factors (alcoholism and biliary
tract disease), was carefully investigated.
       For statistical analysis, two different methods were used:
χ2 test for goodness of fit and partial Fourier series. To
investigate possible differences in frequency peaks, χ2 test for
goodness of fit was applied to the total sample population and
subgroups by gender, comparing observed against expected
events during the four intervals season[19]. On the other hand,
to verify the possible existence of a reproducible rhythmic
pattern, cosinor analysis and partial Fourier series were applied
to the time series, using specific commercially available software
written for the Apple Macintosh computer[20]. The program
allows, among all the possible combinations of the periods chosen
by the user, the selection of the harmonic or the combination of
harmonics that best explain the variance of data. The percentage
of rhythms (PR: percentage of overall variability of data about
the arithmetic mean attributable to the fitted rhythmic function)
and the probability value resulting from the F statistic used to
test the hypothesis of zero amplitude, were chosen to be reported
in the results as representative parameters of goodness of fit
and statistical significance of each fitted function, respectively.
The program was used to calculate the midline estimating
statistic of rhythm (MESOR: the rhythm-adjusted mean over
the time period analyzed) and the amplitude (half the distance
between the absolute maximum and minimum of the function)
of the best-fitting-curve. The program was also used to calculate
peak (ortophase) and trough (bathyphase) times of the fitted
curves (times of occurrence of the absolute maximum and
minimum) and the acrophase of each single harmonic change,
together with the 95% confidence limits (CL). Significance



levels were always assumed for P<0.05. Conventional statistical
analysis was performed using Student’s t test for unpaired
data. Significance levels were always set at P<0.05.

RESULTS
From January 1998 to December 2002, 549 consecutive cases of

acute pancreatitis were observed, 285 cases were males (51.9%)
and 264 were females (48.1%), their mean age was 65±17 years
(difference between sexes t = 2.7, P = 0.007). Two hundred and
eighty-six had cholelithiasis (52.1%) and 48 had chronic
alcoholism (8.7%).
      Deaths from acute pancreatitis were 18 (14 males and 5
females), accounting for 3.2%. Their mean age was 56±16 years,

Table 1  Monthly distribution of acute pancreatitis by gender and risk factors

Month     Total              Males          Females    Biliary tract disease      No bil. tract disease       Alcoholism          Fatal cases
 (n = 549)        (n = 285)       (n = 264)       (n = 286, 52.1%)             (n = 263, 48.9%)       (n = 48, 8.7%)      (n = 18, 3.2%)

January      34     18   16   17        17      1         3
February      46     19   27   22        24      2         2
March      62     35   27   28        34      8         1
April      61     33   28   31        30      7         0
May      56     32   24   35        21      5         0
June      44     23   21   19        25      3         0
July      40     20   20   23        17      2         1
August      45     25   20   30        15      4         1
September      39     20   19   22        17      4         1
October      40     20   20   19        21      2         2
November      46     25   21   22        24      6         3
December      36     15   21   17        19      3         4

Table 2  Seasonal distribution of acute pancreatitis (χ2 test for goodness of fit)

             n (%)         December-February       March-May  June-August        September-November  χ2       P
      n (%)                          n (%)                      n (%)                            n (%)

Total           549               116 (21.1)           179 (32.6)    129 (23.5)    125 (22.8)            17.5          0.001
Males           285 (51.9)    52 (18.2)           100 (35.1)      68 (23.9)      65 (22.8)            17.05    0.001
Females           264 (48.1)    64 (24.2)            79 (29.9)      61 (23.1)      60 (22.7)  3.55    0.316
Biliary tract disease   286 (52.1)    56 (19.5)            94 (32.8)      73 (25.4)      64 (22.3)            11.02    0.011
No bil. tract disease   263 (47.9)    60 (22.9)            85 (32.4)      56 (21.4)      61 (23.3)  7.93    0.049
Chronic alcoholism  48 (8.7)      6 (12.5)            20 (41.7)      10 (20.8)      12 (25)  8.67    0.035
Fatal cases  18 (3.2)      9 (50)  1 (5.6)        2 (11.1)        6 (33.3)  9.11    0.029

Table 3  Seasonal variation of acute pancreatitis (chronobiologic parameters by Fourier analysis)

                    n           Period (h)   PR (%)       MESOR      Amplitude            Peak         95% CL                       P

Total   549 8766    51.1      March    February-April    0.006
4383    33.7      September     August-October    0.017
Overall                 84.8           45.68        3.28      March    February-April    0.005

Males   285 8766    42.6      March    February-April    0.030
4383    32.7                   September              NS    0.052
Overall                 75.4           23.71        9.06      March    February-April    0.027

Females   264 8766    50.9      March    February-April    0.024
4383    22.3      September              NS    0.121
Overall                 73.3           21.97        4.52      March    February-April    0.035

Biliary tract disease   286 8766    42.2      March              NS    0.074
4383    19.5     August              NS    0.234
Overall                 61.8           23.72        7.60      March NS    0.108

No bil. tract disease   263 8766    44.8      March    February-April    0.041
4383    25.1      October NS    0.119
Overall                 69.9           21.96        7.66      March NS    0.052

Chronic alcoholism     48 8766    13.2      March NS    0.415
4383    40.7      September              NS    0.109
Overall                 53.9             3.91        2.51      March NS    0.192

Fatal cases     18 8766    86.2                  November      November-December   <0.001
4383    10.9                   June    May-July    0.004
Overall                 97.1             1.50        1.90      November   November-December  <0.001

PR = percentage of rhythm (percentage of overall variability of data about arithmetic mean attributable to the rhythmic fitted
function MESOR = midline estimated statistics of rhythm, the rhythm-adjusted mean over the time period analysed amplitude: half
the distance between the absolute maximum and minimum of the function of the best-fitting curve 95% CL = 95% confidence limits
NS = not significant, (when acrophase did not reach the significance level, 95% CL could not be given).

Gallerani M et al. Seasonal variation of acute pancreatitis         3329



significantly lower than that of survived subjects (65±17 years,
t = 2.20, P = 0.028). Among the subgroups of fatal events, 3 had
gallstones (16.6%, χ2 = 1.91 P = 0.178), and 4 had chronic
alcoholism (22.2%, χ2 = 3.78  P = 0.075). Table 1 shows the
monthly distribution by gender, and subgroups by risk factors.
A peak of higher frequency of events was found in the period
March-May for the total samples and in particular for males
and subgroups of subjects with and without gallstones and
chronic alcoholism (Table 2). The percentage of fatal events
was significantly higher in December-February (n = 9, 17.3%  of
acute pancreatitis observed in that period, 50% of total deaths,
χ2 = 9.11, P = 0.029, compared to the other periods).
       Chronobiologic analysis (Table 3) showed the existence of
a circannual rhythmic variation characterized by a main peak in
March (PR 84.8, 95% CL: February-April, P = 0.005), and a
secondary peak in September. This pattern was confirmed also
for subgroups by gender (men: PR 75.4, 95% CL: February-
April, P = 0.027), and (women: PR 73.3, 95% CL: February-April,
P = 0.035). Moreover, a highly significant peak was noticed for
fatal cases in late November (PR 97.1, 95% CL: October-
December, P<0.001). NO statistically significant trend for a peak
in March was found for subgroups of subjects with or without
cholelithiasis (respectively: PR 61.8, 95% CL: February-April,
P = 0.109; and PR 69.9, 95% CL: February-April, P = 0.052).

DISCUSSION
Identification of patients with acute pancreatitis is important
due to the increased risk of death.
     To our knowledge, there was only one recent study in
medical literature, which aimed to evaluate the seasonal
variation in the onset of acute pancreatitis[20]. In a total of 263
cases observed for a period of 9 years in a German hospital, no
correlation between admissions and a specific month or season
was found, other earlier reports were mostly hypotheses[21,22].
Our study instead showed a clear seasonal variation in the
onset of acute pancreatitis characterized by a higher frequency
in the spring, with a maximum in March-May. This pattern was
particularly evident for patients with cholelithiasis and chronic
alcoholism. It is difficult to give an exhaustive explanation for such
a temporal pattern. Seasonal and circannual patterns have been
reported for the prevalence of Helicobacter pylori infection[14],
or for relapses of inflammatory bowel disease for hospital
admissions[15,23].
     As for circadian aspects, some acute dramatic clinical
events, e.g., variceal and gastrointestinal bleeding[24-26] showed
obvious circadian patterns. Daily variations of some biologic
functions have also been found as possible co-factors in several
gastrointestinal diseases, e.g., fibrinolysis in liver cirrhosis and
esophageal varices[27], electrical uncoupling and ectopic pacemaker
activity in intestinal motor dysfunction[28], melatonin and
duodenal ulcer[29,30], colonic motility in diverticular disease[31]

and  rectal motor activity in constipation[32].
       At present we do not know enough about seasonal biological
changes potentially affecting onset of acute pancreatitis, e.g.,
secretion of pancreatic enzymes, biliary acids. However, it is
possible that variations in physiological functions with seasonal
change may be associated with an increased risk of pancreatitis.
Oxygen free radicals, for example, were known to be a meaningful
index for the severity of pancreatitis[33], but possible variations
in free radical generation have not been investigated yet. Our
results seemed to be able to identify a higher mortality for
colder months (November-December). This is particularly
interesting when considering that both the mean age of subjects
and the incidence of risk factors (gallstones, alcoholism) in the
subgroup of fatal cases were significantly lower compared with
those in the subgroup of non fatal events. Thus, it seems that
acute events of pancreatitis occurring in the colder months

may be more at risk in terms of severity and mortality. Further
studies conducted on larger samples and addressed to other
countries of different latitudes would be needed.
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Abstract

AIM: To evaluate the significance of the composite score
of reflux symptoms in the diagnosis of gastroesophageal
reflux disease (GERD), and to determine the relationship
of the composite score with reflux esophagitis (RE) and
pathological gastroesophageal reflux (PGER).

METHODS: Upper digestive endoscopy and /or 24-h
esophageal pH monitoring were performed in 244 subjects.
Of these, 54 were consecutive patients attending our clinic
with symptoms suggestive of GERD, and 190 were randomly
selected from 2532 respondents who participated in our
previous general population-based study on GERD. A
standardized questionnaire was used to classify both the
frequency and severity of typical symptoms of GERD
(heartburn, acid and food regurgitation) using a 4-score
scale, and the composite score of main reflux symptoms
(score index: SI, range from 0 to 18) were calculated for
every subject. RE was diagnosed according to the Savary-
Miller criteria. Subjects with abnormal pH-metry (DeMeester
score more than 14.7) were considered to have PGER.
GERD patients were defined as the subjects with RE and/or
PGER.

RESULTS: The sensitivity of SI in the diagnosis of GERD
was inversely associated with SI, but the specificity tended
to increase with increased SI. With the cut-off of 8, the SI
achieved the highest accuracy of 70.0%, with a sensitivity
of 78.6% and a specificity of 69.2% in diagnosing GERD,
followed by the cut-off of 3, which had an accuracy of 62.1%,
a sensitivity of 96.4% and a specificity of 34.6%. The
prevalence of RE, PGER and GERD was strongly associated
with increased SI (P<0.01), but there was no significant
association between the severity of RE and SI (P>0.05).
Among patients with RE, 69.2% had PGER, and 30.8%
were confirmed to have negative findings of pH monitoring.
Among patients with PGER, 52.9% were identified to have
RE and 47.1% had negative endscopic findings in
esophagus.

CONCLUSION: According to the composite score of main
reflux symptoms, the diagnosis of GERD can be made without
further tests in most cases. However, 24-h esophageal pH
monitoring and upper digestive endoscopy are still indicated
in patients with mild and atypical symptoms.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a very common
disorder both in China[1-2] and Western countries[3-8]. The
disease results from the abnormal reflux of gastric contents
into the distal esophagus causing symptoms in most patients
and subsequent mucosal damage in some patients. It has been
proved that chronic GERD tends to develop to Barrett’s
esophagus associated with an increased risk of esophageal
adenocarcinoma[9-13]. Heartburn and regurgitation are the typical
symptoms of GERD, and 24-h esophagus pH monitoring and
upper digestive endoscopy are the main methods to confirm
the diagnosis. These examinations, however, are inconvenient
and not universal in many hospitals of China, especially 24-h
esophagus pH monitoring. Although the relationship between
reflux symptoms and GRED were evaluated by some clinical
studies, the results varied considerably because the symptoms
were quantified by different criteria and methods[3,14-16]. As far as
we know, data about the relationship between the combination
of main reflux symptoms and proven GERD are lacking. The aim
of this study was to establish a standard system to quantify
the severity and frequency of typical reflux symptoms, and to
evaluate the role of the composite score of main reflux symptoms
in the diagnosis of GERD, and to determine the association
between the composite score and reflux esophagitis (RE),
pathological gastroesophageal reflux (PGER), and GERD.

MATERIALS AND METHODS
Subjects
Two hundred and forty-four subjects were included in this
study. Among these, 54 were consecutive patients (32 men and
22 women; mean age, 45.3±13.2 years) who attended our clinic
with symptoms suggestive of GERD and underwent both 24-h
esophageal pH monitoring and upper digestive endoscopy.
The remaining 190 subjects were  randomly selected from 2532
respondents who were previously enrolled in our general
population-based study on GERD, according to the composite
score (score index, SI) of main reflux symptoms (Table 1), and
who underwent 24-h esophageal pH monitoring (50 subjects)
or/and upper digestive endoscopy (140 subjects). Patients with
previous foregut surgery and other systemic disorders affecting
the gastrointestinal motility were excluded. Five selected
respondents (3 in the normal group and 1 in the mild symptom
group) refused to participate in this study, 1 (normal group)
had intolerance to pH monitoring, and 1(normal group) did not
complete the evaluation. All of the 7 incomplete respondents
were replaced by our clinic patients with same gender, SI, and
similar age (±5 years). There were no appreciable differences in
age or gender among these groups (P>0.05).

Questionnaire
A standardized questionnaire based on our previous work was



used to classify both the frequency and severity of typical
symptoms of GERD (heartburn, acid regurgitation and food
regurgitation) for all subjects before pH monitoring and upper
digestive endoscopy. Personal interviews were carried out in
our clinic with patients and respondents.

Endoscopy
General upper digestive endoscopy was performed using a
Pentax videoendoscope, and the same two gastrointestinal
physicians made the diagnosis according to VHS videocassettes
recorded.

Twenty-four hour esophageal pH monitoring
Twenty-four hour ambulatory esophageal pH monitoring was
performed using a Synectic device. The pH electrode should
be positioned 5 cm above the lower esophageal sphincter.
Subjects were instructed to fill in diary cards regarding the time
of meals, supine position and the time of symptoms experienced
during the 24-h period. In addition, they were asked to press a
button on the digital data logger at the beginning of each
symptom episode. No restrictions were imposed on food and
beverage intake or smoking.

Definitions
The following definitions for symptom categories and diseases
were used. Only symptoms occurring in the past year before
the interview were considered. Heartburn was defined as a
burning pain or burning sensation behind the breastbone in
the chest, acid regurgitation as a bitter or sour-tasting fluid
coming into throat or mouth, food regurgitation as eaten foods
coming into mouth. Heartburn, acid regurgitation and food
regurgitation were considered to be the typical symptoms of
GERD. Each of these symptoms was estimated according to its
severity and frequency measured on a 4-score scale. Severity
was assessed as follows: 0, none; 1, mild (could be ignored); 2,
moderate (could not be ignored but did not affect lifestyle); 3,
severe (affected lifestyle). The score of symptom frequency
was estimated as follows: 0, none or less than one occasion per
month on average; 1, several occasions (once to three times) a
month; 2, several occasions (once to six times) a week; 3, one
or more daily occasions. Based on the scores of severity and
frequency of the main GERD symptoms, the composite score
(SI: ranged from 0 to 18) of every subject was calculated. All
subjects were grouped as follows: SI = 0-2, normal; SI = 3-7,

mild; SI = 8-12, moderate; SI R13, severe. Patients with
symptomatic gastroesophageal reflux disease(SGERD) were
defined as subjects with SI R3. Those with RE were defined
as subjects whose endoscopic findings met Savary-Miller
criteria, those with PGER as subjects with abnormal pH-metry
(DeMeester score more than 14.7), those with GERD as subjects
with RE and/or PGER.

Statistical analysis
Data were analyzed with descriptive statistics and expressed
as mean±SD. Median values and ranges were used for
nonparametric variables. Relative proportions were calculated
for the analysis of prevalence and relative frequencies. The
comparison between groups was performed by means of
parametric tests such as the Student’s t test for dimensional
variables and χ2 test for non-dimensional variables. The critical
two-tailed value of alpha was set at 0.05.

RESULTS

Relationship between SI and its diagnostic accuracy for GERD
Among the 54 outpatients with symptoms suggestive of GERD,
28 patients (51.9%) were identified as GERD (16 patients with
RE, 12 patients with PGER, 10 patients with RE and PGER), and
26 patients (48.1%) were normal, based on the findings of upper
digestive endoscopy and 24-h esophageal pH monitoring.
Figure1 summarizes the relationship between criteria and its
diagnostic accuracy for GERD compared with the diagnosis of
endoscopy and pH monitoring. The sensitivity was inversely
associated with increased SI, but the specificity tended to be
higher with increased SI. The SI 8 had the highest accuracy
(70.0%) for diagnosing GERD with a sensitivity of 78.6% and a
specificity of 69.2%, followed by SI 3 with a accuracy of
62.1%, a sensitivity of 96.4% and a specificity of 34.6%.

Relationship between SI and RE, PGER, GERD
As shown in Table 2, the rate of RE was the highest in the severe
group, followed by moderate, mild and normal groups, and the
results were similar to both PGER and GERD. The rate of RE,
PGER and GERD was strongly associated with increased SI. In
the severe and moderate groups, the frequency of RE, PGER
and GERD was significantly higher than that of the normal
group (P<0.05 or P<0.01).

Table 1  Gender and age distribution of 190 subjects in symptom severity groups

Severity of Responders Upper digestive endoscopy 24-h pH monitoring
symptoms

Subjects      Men/Women    Mean age (yr)         Subjects       Men/Women        Mean age (yr)

Normal 2 102   40 17/23 45.5±9.9 15   8/7 45.3±10.4
Mild    332   40 20/20 46.1±14.4 15   6/9 46.5±13.3
Moderate      74   40 18/22 47.4±9.6 10   5/5 47.4±10.6
Severe      24   20 11/9 49.1±10.2 10   4/6 49.7±11.5
Total 2 532 140 66/74 47.0±11.0 50 23 /27 47.2±11.5

Table 2  Relationship between SI and RE, PGER, GERD

    Endoscopic examination       pH monitoring     Endoscopic or/and pH examination
Criteria of SI

  Subjects     RE (%)        Subjects            PGER (%)         Subjects            GERD (%)

Normal (SI = 0-2)        40   0 (0.0) 15 0 (0.0) 55  0 (0.0)
Mild (SI = 3-7)        40   3 (7.5) 15 2 (13.3) 52  4 (7.69)
Moderate (SI = 8-12)        40 11 (27.5)b 10 4 (40.0)a 45 12 (26.7)b

Severe (SI 13)        20 13 (66.5)b 10 6 (60.0)b 24 13 (54.2)b

aP<0.05 and bP<0.01 vs normal group.
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Figure 1  Relationship between SI and its diagnostic accuracy.

Figure 3  The relationship between RE and PGER.

Relationship between SI and degree of RE
RE was diagnosed in a total of 43 patients on the basis of
endoscopic findings (16 cases were outpatients and 27 cases
came from general subjects). Thirty patients were males and 13
were females. The mean age was 55.3±6.8 years. Table 3 shows
the relationship between SI and the severity of RE. The SI was
similar among all groups (from grade I to grade IV, P>0.05). Figure 2
illustrates endoscopic photographs of some patients with RE.

Table 3  Relationship between severity of symptoms and grade
of RE

Severity of RE Patients               SI (mean±SD)

    Grade I     19       10.63±4.74
    Grade II     13                       11.32±5.26
    Grade III       7                       11.85±5.11
    Grade IV       4                       12.00±4.12

Relationship between RE and PGER
Of the 43 patients with RE, 26 patients underwent 24-h
esophageal pH monitoring. Eighteen patients with RE (69.2%)
complicated by PGER and 8 patients (30.8%) were confirmed to

have negative pH monitoring. Upper gastrointestinal tract
endoscopy was performed in 34 patients with PGER, of them,
18 (52.9%) were identified to have RE, but the remaining 16 (47.1%)
patients were proven to have a negative endoscopic finding in
the esophagus. The results are summarized in Figure 3.

DISCUSSION
Gastroesophageal reflux disease is a common disease with many
typical and atypical symptoms. A low pressure exerted by the
lower esophageal sphincter (LES) and an increased frequency
of transient LES relaxation might contribute to the development
of GERD[17-19]. Esophageal testing, particularly 24-h pH
monitoring has become the key to make the diagnosis and to
ensure adequate acid suppression or prior to surgical therapy[20].
Although the test could yield accurate and reliable information,
it is inconvenient for patients. The problem is whether all
patients require 24-h esophageal pH monitoring to establish
the diagnosis of GERD. If so, its use, however, is not popular
and many hospitals in China are unable to perform this special
testing. For these reasons, we are trying to develop a standard
system to quantify the symptoms and to evaluate the accuracy
of the combination of typical reflux symptoms in the diagnosis
of GERD with the hope of eliminating the need for the monitoring.
      Laboratory studies have demonstrated that there is a close
relationship between classic reflux symptoms and esophageal
acid exposure, but some clinical studies revealed that these
symptoms were neither specific nor sensitive to the diagnosis
of GERD[15,21-23]. For example, Tefera and his colleagues[21]

reported that moderate or severe heartburn could be used to
diagnose GERD with a sensitivity of 68.42% and a specificity of
62.96%, and moderate or severe regurgitation with a sensitivity
of 56.76% and a specificity of 65.08%. There were some common
grounds in these clinical studies. These symptoms were evaluated
separately. The frequency of each symptom was quantified but the
severity was not considered. In our study, every typical symptom
was estimated by quantifying both the frequency and the severity,
and a combination score (SI) of all symptoms was calculated for
every subject to exclude those subjects with trivial symptoms
and to improve the accuracy of SI in the diagnosis of GERD.
     We found that the sensitivity of the composite score of main
reflux symptoms in the diagnosis of GERD was inversely
associated with increased SI, but the specificity tended to be
higher with increased SI. SI 8 had the highest accuracy of
70.0% for diagnosing GERD with a sensitivity of 78.6% and a
specificity of 69.2%, followed by SI 3 with an accuracy of
62.1%, a sensitivity of 96.4%, and a specificity of 34.6%.
Because SI 3 had the highest sensitivity, this criterion is the
common choice in epidemiological studies. With the highest
accuracy, SI 8 is very useful for diagnosing GERD in clinical
work. We, therefore, prompted to develop a criterion based on the
main reflux symptoms. The standardized symptom questionnaire
and the scoring techniques (system) are important for

Figure 2  Endoscopic photographs of some patients with RE. A: Female, 46 years old, SI = 12, grade I RE; B: Male, 50 years old,
SI = 16, grade II RE; C: Male, 42 years old, SI = 12, grade III RE; D: Male, 51 years old, SI = 13, grade IV RE.
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gastroenterological doctors to estimate the patients with typical
reflux symptoms, especially in hospitals or clinics without objective
tests. We suggest that patients with SI 8 may be treated
pharmaceutically combined with life style counseling. If the
symptoms have not improved after 6 to 12 wk, 24-h pH monitoring
and/or endoscopical examination should be performed, and if
necessary, barium radiographing and manometry should be done.
     Our study showed that the prevalence of RE, PGER and
GERD was strongly associated with increased SI, but no
significant association was found between the severity of RE
and SI, indicating that patients with more severe reflux symptoms
tend to have GERD, but the grade of esophagitis could not be
evaluated on the basis of the severity of typical symptoms.
     The present study also revealed that almost one third of
patients with RE (30.8%) were confirmed to have negative pH
monitoring and half of patients with PGER (47.1%) had negative
endoscopic findings in the esophagus, the results were similar
to previous studies[24-26]. Excessive bile exposure of esophageal
mucosa was the main cause of RE with normal acid exposure[27-29].
We suggest that endoscopy-negative reflux disease (ENRD)
should be treated as endoscopy positive GERD because longterm
acid exposure would rapidly damage esophageal mucosa.
     Patients with atypical symptoms such as cough, asthma,
hoarseness, chest pain, and ear, nose and throat symptoms
were not included in this study because they always had their
first visit at specialized services. According to some studies
the prevalence of GERD in patients with atypical symptoms
ranged from 25% to 80%. We suggest that diagnostic tests
such as upper digestive endoscopy and 24-h pH monitoring
are a necessity for patients with atypical symptoms.
       In conclusion, developing a criterion based on the composite
score of typical reflux symptoms is useful to the diagnosis of
GERD. Symptom questionnaire and scoring techniques are an
important step in this analysis. For patients with a moderate or
severe composite score, the diagnosis of GERD can be made
without further tests in most situations. However, 24-h esophageal
pH monitoring is still needed in patients with mild and atypical
symptoms.
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Abstract

AIM: To investigate the clinical characteristics and prognostic
factors of a consecutive series of patients with severe acute
pancreatitis (SAP).

METHODS: Clinical data of SAP patients admitted to our
hospital from January 2003 to January 2004 were retrospectively
reviewed. Collected data included the age, gender, etiology,
length of hospitalization, APACHE II score at admission,
local and organ/systemic complications of the patients.

RESULTS: Of the 268 acute pancreatitis patients, 94 developed
SAP. The mean age of SAP patients was 52 years, the
commonest etiology was cholelithiasis (45.7%), the mean
length of hospitalization was 70 d, the mean score of
APACHE II was 7.7. Fifty-four percent of the patients developed
necrosis, 25% abscess, 58% organ/systemic failure. A total
of 23.4% (22/94) of the SAP patients died. Respiratory failure
was the most common organ dysfunction (90.9%) in deceased
SAP patients, followed by cardiovascular failure (86.4%),
renal failure (50.0%). In the SAP patients, 90.9% (20/22)
developed multiple organ/systemic failures. There were
significant differences in age, length of hospitalization,
APACHE II score and incidences of respiratory failure, renal
failure, cardiovascular failure and hematological failure
between deceased SAP patients and survived SAP patients.
By multivariate logistic regression analysis, independent
prognostic factors for mortality were respiratory failure,
cardiovascular failure and renal failure.

CONCLUSION: SAP patients are characterized by advanced
age, high APACHE II score, organ failure and their death is
mainly due to multiple organ/systemic failures. In patients
with SAP, respiratory, cardiovascular and renal failures can
predict the fatal outcome and more attention should be paid
to their clinical evaluation.
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INTRODUCTION
Acute pancreatitis, as a relatively common pancreatic disease,

can be found in every part of the world with an incidence of
35-80 cases per 100 000 inhabitants per year[1,2]. According to
Atlanta Classification, acute pancreatitis is clinically classified
into a mild or severe type depending on the presence of local
and systemic complications[3]. Severe acute pancreatitis (SAP)
is characterized by high morbidity and mortality. The mortality
of SAP patients varies from 7% to 47%[4]. The factors most
closely linked to a poor prognosis are pancreatic necrosis,
infection and multiple organ/systemic failures, which are
associated with a mortality of 50%[4-7]; although in recent years
this mortality rate has tended to decrease[8]. Many attempts have
been made to achieve an early prognosis of SAP. However,
none seems to be reliable enough to justify its routine use.
     In view of the high mortality associated with SAP, it is
important to identify the cases that require close monitoring
and aggressive resuscitation. The aim of this study was therefore
to investigate the clinical characteristics and factors which could
predict the outcome of patients with organ/systemic failure
admitted to our hospital.

MATERIALS AND METHODS
Clinical data
From January 2003 to January 2004, the clinical histories of
patients with acute pancreatitis (AP), admitted to the Department
of Surgery, Ruijin Hospital of Shanghai Second Medical University,
were retrospectively reviewed. The diagnosis of AP was established
in cases with clinical presentations and biochemical findings
when other causes were excluded. The severities of AP were assessed
according to the Atlanta classification system[3]. Etiology was
divided into two groups: cholelithiasis and non-cholelithiasis.
A biliary etiology was confirmed by ultrasonography, CT scan,
ERCP, MRCP and operation. Pancreatic necrosis and abscess
were defined by the findings on contrast-enhanced CT scan or
in operation. The local and organ/systemic complications were
defined according to the Atlanta classification system[3, 9].
     The patients with SAP were divided according to their
outcomes into two groups: deceased group and survived group.
The data recorded for each patient included age, gender, etiology,
length of hospitalization, APACHE II score at admission and
the presence and type of local and organ/systemic complications.
The relationship between clinical characteristics, specific single
or multiple organ/systemic failures with mortality was evaluated
in above-mentioned two groups.

Statistical analysis
Results were expressed as mean±SD. Statistical studies were
made using SAS 6.12. Continuous data were evaluated by t rest,
and categorized data were analyzed by Chi-square test or Fisher’s
exact test. To identify the risk factors for SAP, multiple logistic
regression analysis with backward elimination was used. P<0.05
was considered statistically significant.

RESULTS
Of the 268 patients with AP, 35.1% (94/268) developed SAP. Of
the 94 SAP patients, 23.4% (22/94) died. The patients in the
deceased group were significantly older and had a higher



APACHE II score than those in the survived group. The length
of hospitalization was significantly shorter in those with a fatal
outcome. There was no difference in etiology or gender (Table 1).
       Regarding the local complications, the incidences of necrosis
and abscess were significantly higher in the survived group than
those in the deceased group. No patient in the deceased group
developed pseudocysts (Table 2).

Table 1  Comparison of clinical characteristics (mean±SD)

Characteristics  Survival          Deceased   Total
              (n = 72)  (n = 22)  (n = 94)

Mean age (yr) 49.7±14.9b 62.8±14.4 52.7±15.8
(range)   (15-82)   (42-83)   (15-83)
Gender
(male/female)    45/27    10/12    55/39
Etiology
(biliary/non-biliary)    31/41    12/10    43/51
Hospitalization (d) 84.4±65.3b 26.2±28.2 70.8±63.7
(range)     (8-253)     (1-94)      1-253)
APACHE II score   6.3±3.5b 12.5±6.8 7.72±5.2
(range)     (0-14)     (1-33)     (0-33)

bP<0.01 vs deceased group.

Table 2  Comparison of local complications

Local complications   Survival          Deceased   Total
(n=72) (n=22)  (n=94)

Necrosis, n (%) 47 (5.3)b 7 (31.8) 54 (57.4)
Abscess, n (%) 23 (31.4)a 2 (9.1) 25 (26.6)
Pseudocyst, n (%) 11 (15.3) 0 (0) 11 (11.7)

aP<0.05, bP<0.01 vs deceased group.

        A total of 61.7% (58/94) patients with SAP developed organ/
systemic failures. In the deceased group, 90.9% (20/22) patients
showed multiple organ/systemic failures (maximum 5 organ/systemic
failures), only 18.1% (13/94) patients showed multiple organ/systemic
failures in the survived group (Tables 3, 4). With regard to the
organ/systemic complications, we found that the deceased group
experienced a significantly greater incidence of episodes of
respiratory failure, acute renal failure, cardiovascular failure
and hematological failure than the survived group (Table 4).

Table 3  Comparison of the number of organ/systemic failure

Number of organ/ Survival       Deceased  Total
systemic failure  (n=72)            (n=22)  (n=94)

1,  n (%) 23 (31.9)a 2 (9.1) 25 (26.6)
2,  n (%) 10 (13.9) 6 (4.5) 16 (17.0)
3,  n (%)   3 (4.2)a 4 (18.2)   7 (7.4)
4,  n (%)   0 (0)b 7 (31.8)   7 (7.4)
5,  n (%)   0 (0)a 3 (13.6)   3 (3.2)
Total, n (%) 36 (50.0)b        22 (100.0) 58 (61.7)

aP<0.05, bP<0.01 vs deceased group.

     As for the frequency of different specific single organ
failures, pulmonary failure occurred in 35.1% (33/94) patients,
cardiovascular failure in 22.3% (21/94) patients, gastrointestinal
failure in 19.1% (18/94) patients, hepatic failure in 15.9% (15/94)
and renal failure in 14.9% (14/94) patients. The incidences of
neurologic and hematological failures were relatively lower,
only in 8.5% (8/94) patients respectively (Table 5).
       Logistic regression analysis was carried out for the independent
prognostic factors including all the variables studied. Respiratory
failure, cardiovascular failure and renal failure were found to be
independent prognostic factors of the mortality in SAP patients
(Table 6).

Table 4  Comparison of the features of organ/systemic failure

Organ/systemic failure        Survival        Deceased      Total
           (n=72)           (n=22)     (n=94)

Multiple organ/systemic      13 (18.1)b         20 (90.9)      33 (35.1)
failures n (%)
Respiratory n (%)           13 (18.1)b        20 (90.9)       33 (35.1)
Renal n (%)            3 (4.2)b         11 (50.0)      14 (14.9)
Gastrointestinal n (%)            11 (15.3)           7 (31.8)     18 (19.1)
Hepatic n (%)                      12 (16.7)           3 (13.6)       15 (15.9)
Neurologic n (%)            6 (8.3)           2 (9.1)       8 (8.5)
Cardiovascular n (%)            2 (2.8)b           19 (86.4)     21 (22.3)
Hematological n (%)            2 (2.8)b           6 (27.3)       8 (8.5)

bP <0.01 vs deceased group.

Table 5  Frequency of organ/systemic failure

Organ/systemic          Number of                Frequency (%)
organ/systemic failure

Respiratory    33 35.1
Renal    14 14.9
Gastrointestinal    18 19.1
Hepatic    15 15.9
Neurologic       8   8.5
Cardiovascular    21 22.3
Hematological       8   8.5

Table 6  Independent factors of the logistic regression model

Variable        OR       OR 95% confidence        P
   interval

Respiratory failure      186.5 9.942-999.0      0.006
Cardiovascular failure        29.9           2.243-999.0      0.021
Renal failure      118.7           3.784-999.0      0.029
Hospitalization, days          0.957  0.908-0.989      0.037

DISCUSSION
Most deaths of SAP patients were mainly related to multiple
organ/systemic failures[10]. Regarding the survival time, patients
died more often of multiple organ/systemic failures in the first few
days after admission[5,11]. In the early phase of SAP, multiple
organ/systemic failures seemed to be caused by cytokine and
inflammatory mediators released due to systemic inflammatory
response syndrome, and sterile pancreatic necrosis might even
occur[12]. Early deaths of SAP patients were commonly associated
with multiple organ/systemic failure, accounting for 40-60% of
mortality, and over the past decade this proportion has not
declined[13]. The present study showed that in the deceased group
90.9% (20/22) patients developed multiple organ/systemic
failure and 50% (11/22) patients died within 2 wk after admission.
      Previous studies[14-16] showed that in SAP patients, organ/
systemic failure occurred in 72-90.3%, single organ failure in
24.7-37%, multiple organ failure in 35-65.6%. Among the single
organ failures, respiratory failure was the most common organ/
systemic complications (39.1-63%), followed by cardiovascular
failure (23-37.7%), hepatic failure (20.7%) and renal failure
(8.5-13%). The present data showed that organ failure occurred
in 61.7% (58/94) patients, single organ failure in 26.6% (25/94)
patients, and multiple organ failure in 38.3% (36/94) patients.
Respiratory failure was the most common single organ failure
(35.1%, 33/94), followed by cardiovascular failure (22.3%, 21/94),
gastrointestinal failure (19.1%, 18/94), hepatic failure (15.9%,
15/94) and renal failure (14.9%, 14/94). In a recent study, five
independent prognostic factors for hospital mortality in SAP
patients were the age and chronic health situation of the patients
and organ failures (renal, respiratory and cardiovascular)[4]. In
our study, respiratory failure, cardiovascular failure and renal
failure were shown to be the independent prognostic factors of
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mortality by multivariate logistic analysis, which are consistent
with the reports by Fernandez-Cruz et al. and Halonen et al.[6, 17].
Apparently, the development of one of the above-mentioned
complications is by far the worst prognostic factor in SAP, closely
related to mortality.
      Up to now, the development of pancreatic necrosis and
infection has been considered as an important factor in the
occurrence of multiple organ/systemic failure and subsequent
death[6,18,19]. There are even studies relating the site and extent
of necrosis to the outcome and development of multiple organ
failures[18,20]. In other studies, infected pancreatic necrosis and
combined of organ/systemic failures were the most significant
causes for hospital mortality of SAP patients[1,21]. The mortality
rate of SAP patients was 7-47% (that of sterile necrotizing
pancreatitis patients was 6-13% and SAP patients with infected
necrosis was 14-80%)[4,22-26]. Conversely, there was a higher
proportion of patients with necrosis and abscess in the survived
group in our study. Using logistic regression analysis failed to
identify necrosis and abscess as independent prognostic
factors for mortality, although statistically significant difference
was found between survived and deceased groups. This
suggested that, rather than the development of necrosis or abscess
itself, necrosis and abscess were not correlated with an increased
mortality. The main factor indicating a poor prognosis in SAP was
the development of multiple organ/systemic failures[27,28].
      Although there was a higher incidence of pseudocysts in
the survived group, no statistically significant difference was
found compared with the deceased group. This observation must
be made cautiously, because 50% (11/22) of the patients in
deceased group died within 2 wk, which might be too short to
develop a pseudocyst. In addition, in many patients the only
complication was a pseudocyst, so they were classified as having
SAP according to the Atlanta Criteria, although their clinical
recovery was excellent[3]. Patients with pseudocysts may develop
complications, but since it takes at least 4 wk to develop a
pseudocyst, it has no effect on early mortality.
      Our results did not show that age was an independent poor
prognosis factor in mortality, which was consistent with previous
studies, but in contradiction to other investigators[4,6,]. When
deaths due to complications of acute pancreatitis were analyzed,
the mortality rate was not significantly different between the
young and elderly groups. Moreover, the complication rate and
the proportion of patients with SAP (judged by the number of
prognostic signs) were not higher in the elderly. Thus the
severity of acute pancreatitis was not intrinsically due to
advanced age when the influence of other secondary factors
was not taken into consideration.
       In conclusion, SAP patients are characterized by advanced
age, high APACHE II score at admission, development of
organ/systemic failure, and their death is mainly due to multiple
organ/systemic failures. In SAP patients, respiratory, cardiovascular
and renal failures can predict their fatal outcome and more
attention should be paid to their clinical evaluation.
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Abstract

AIM: Leakage from oesophageal anastomosis is associated
with substantial morbidity and mortality. This study presented
a novel, safe and effective double stapled technique for
oesophago-enteric anastomosis.

METHODS: The data were obtained prospectively from
hospital held clinical database. Thirty nine patients (26
males, 13 females) underwent upper-gastrointestinal
resection between 1996 and 2000 for carcinoma (n = 36),
gastric lymphoma (n = 1), and benign pathology (n = 2).
Double stapled oesophago-enteric anastomosis was
performed in all cases.

RESULTS: No anastomotic leak was reported. In cases of
malignancy, the resected margins were free of neoplasm.
Three deaths occurred, which were not related to anastomotic
complications.

CONCLUSION: Even though the reported study is an
uncontrolled one, the technique described is reliable, and
effective for oesophago-enteric anastomosis.
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INTRODUCTION
Leakage is a major problem associated with oesophago-enteric
anastomosis. The anastomosis may be hand sewn or stapled[1-4].
Even though there is no proven advantage between either
techniques, basic principles of anastomosis surgery- tension
free, good vascularity, and good mucosal apposition apply to
both. A technique of double stapled anastomosis avoids stretch
at oesophageal side of anastomosis and circumvents damage
to vascularity.

MATERIALS AND METHODS
The double stapled oesophago-enteric reconstruction was
performed as follows. The oesophagus was mobilized in the
standard way to above the proposed level of division. A
transverse incision was made in the anterior wall of the
oesophagus at least 3 cm above the proximal extent of the
tumour in those cases undergoing surgery for malignancy
(Figure 1). An appropriately sized circular stapler (CA Ethicon)
was selected based on the oesophageal diameter. A 2-0
polypropylene suture was placed through the ‘eye-hole’ situated
in the plastic spike that fits the head of the circular stapler. The

polypropylene suture should be tied such that around 5 cm of
suture with the attached needle remained attached to the spike
attached to the circular stapler head. The transverse anterior
oesophagotomy should be of sufficient size to allow insertion of
the stapler head with attached spike - see step 7 (Figure 2). The
circular stapler head with spike and attached needle were placed
through the oesophagotomy into the proximal oesophagus
(Figure 3). The suture needle was brought out through the anterior
oesophageal wall 2 cm proximal to the oesophagotomy. The
oesophagus was then cross-stapled and divided transversely
below the site of needle puncture but above the oesophagotomy.
The suture attached to the spike was used to pull the spike and
axis of the circular stapler head through the anterior wall of the
oesophagus, around 2 cm proximal to the transverse staple line
(Figure 4). The spike was then removed from the stapler head.
Resection of the gastric or oesophago-gastric specimen was
then completed. The distal conduit (either distal stomach or jejunal
limb) was prepared and mobilized to allow a tension free
anastomosis. The body of the circular stapler was introduced
into the lumen of the efferent conduit through an appropriately
placed enterotomy (Figure 5). The circular stapler head was
engaged with the body of the circular stapler gun. The gun was
closed and fired creating a double stapled oesophago-enteric
anastomosis (Figure 5). A naso-gastric tube was fed across the
oesophago-enterostomy after completion of the anastomosis.

Figure 1  Transverse incision in anterior wall of oesophagus.

Figure 2  Transverse anterior oesophagotomy. Stapler head
spike with attached needle inserted through oesophagotomy
into proximal oesophagus.

 

 

 
   

Oesophageal enterotomy
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Tumour at gastro
oesophageal junction

Stapler head with attached
spike connected to suture



3340         ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    November 15, 2004   Volume 10   Number 22

Figure 3  Placement of a circular stapler head with spike and
attached needle. Needle was used to puncture anterior oe-
sophagus -2 cm above the oesophagotomy. The oesophagus
was then cross- stapled between the needle puncture site &
the oesophagotomy.

Figure 4  Suture used to drive head spike through oesoph-
ageal wall above transverse suture line.

Figure 5  Introduction of the circular stapler body into the
lumen of efferent conduit.

RESULTS
All patients were operated on by or under the direct supervision
of a consultant surgeon with an upper gastrointestinal interest.
Patients with malignancy underwent pre-operative staging with
thoraco-abdominal computed tomography scan. Laparoscopy
was used in selected instances. In elective cases, mechanical
bowel preparation was employed. Thoracic epidural anaesthesia
was employed for post-operative pain relief. Patients were kept
nil by mouth for 5 d post-operatively. If the post-operative
course was uneventful, fluids were introduced on d 5. Water

soluble contrast studies were not routinely used to assess
anastomotic integrity unless there was clinical indication.
      Data were obtained prospectively from the hospital-held
clinical database.
       Thirty-nine patients (26 males, 13 females) underwent upper
gastrointestinal resection (total gastrectomy n = 24, Ivor -Lewis
oesophago-gastrectomy n = 15) between 1996 and 2000. Indication
for surgery was carcinoma (n = 36), gastric non-Hodgkin’s
lymphoma (n = 1), revision of a neo-gastric jejunal pouch (n = 1),
gastric infarction secondary to volvulus (n = 1). The median age
was 67 (36-82) years. Patient ASA grades were: ASA-1 n = 12,
ASA- 2 n = 14, ASA- 3 n = 9, ASA- 4 n = 3, ASA- 5 n = 1. The
median operative time for total gastrectomy was 175 (120-240) min
and was 240 (180-360) min for Ivor-Lewis oesophago-gastrectomy.
The median transfusion requirements were 2 (0-7) units for
both procedures. The resection margins were free of tumour on
histopathological examination in all cases of malignancy.
        Morbidity and mortality rates are shown below (Tables 1-3).
Risk adjusted morbidity and mortality rates were calculated
using the physiological and operative scoring system for
enumeration of morbidity and mortality (POSSUM) and
Portsmouth POSSUM (P-POSSUM) models[5,6].

Table 1  Morbidity and mortality of oesophago-gastrectomy
(n, %)

   Total patients POSSUM P-POSSUM
        (n = 15) prediction  prediction

Morbidity          5 (33)       63            -
Mortality          2 (14)       18                           6

Table 2  Morbidity and mortality of total gastrectomy (n, %)

   Total patients POSSUM P-POSSUM
        (n = 15) prediction  prediction

Morbidity          6 (25)       48            -
Mortality          1 (4)       16            9

Table 3  Analysis of morbidity

Oesophagogastrectomy (n)   Total gastrectomy (n)

Chest infection          2   5
Chylothorax          1   -
DVT/PE          1   1
Anastomotic leak          -   -
Wound sepsis          1   -

      Three deaths occurred, two post oesophago-gastrectomy
and one post total gastrectomy. The deaths after oesophago-
gastrectomy were shown at post-mortem to be due to left
ventricular failure and myocardial infarction respectively. The
patient who died after total gastrectomy deteriorated suddenly
on the 10th post-operative day tolerated diet for three days.
Symptoms, blood gases and electrocardiogram were compatible
with a pulmonary embolus. Permission for a post-mortem was
refused. No anastomotic leaks occurred on clinical grounds.

DISCUSSION
Anastomotic leakage following oesophago-enteric reconstruction
may result in significant morbidity and mortality. The standard
principles governing any gastro-intestinal anastomosis apply
in dealing with the oesophagus. The anastomosis should be
tension-free, well vascularized and there should be accurate
mucosal apposition. Oesophageal anastomoses may be hand
sewn (in one, two or even three layers) or stapled[1-4]. There is
no proven advantage to either the hand sewn or stapled technique.
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Stapled anastomoses might be associated with a higher rate of
subsequent benign stricture formation[7]. The stapled technique
that is commonly used requires a purse string suture in the cut
end of the proximal oesophagus to retain the head of the circular
stapler. The anastomosis is completed by a single firing of the
circular stapler.
     It is the authors’ contention that the oesophageal purse
string may be a contributory factor to subsequent anastomotic
related complications (leak and stricture). This is based on the
observation that the distal oesophagus is stretched over the
head of the circular stapler, and therefore possibly devascularized
by the purse string suture. To avoid the use of a purse string, a
double stapled oesophago-enteric anastomotic technique has
been devised.
     This paper described a novel technique of oesophago-enteric
anastomosis using a double stapled technique. Whilst this
was an uncontrolled study, the technique has proved reliable
and to date has not resulted in any anastomotic leaks. Whilst
this study cannot implicate the use of a proximal oesophageal
purse string suture as a factor in anastomotic leakage, it is
interesting to speculate whether the double stapled anastomosis
does allow improved anastomotic healing through omission of

a purse string suture. The technique described merits further
evaluation either in the setting of a larger uncontrolled study
or more preferably in the context of a randomised trial.
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Abstract

AIM: To assess Helicobacter pylori (H pylori) seroprevalence
in a cohort of Greek patients with lung cancer.

METHODS: Seventy-two lung cancer patients (55 males
and 17 females, aged 58.2±11.7 years) and 68, age and
gender-matched, control subjects were enrolled. All subjects
underwent an enzyme-linked immunosorbent assay IgG
serologic test for H pylori diagnosis.

RESULTS: A correlation between age and H pylori IgG
level was detected for both lung cancer patients (r = 0.42,
P = 0.004) and controls (r = 0.44, P = 0.004). Seropositivity
for H pylori did not differ significantly between patients
with lung cancer and controls (61.1% vs 55.9%, P>0.05).
Concerning the mean serum concentration of IgG antibodies
against H pylori, no significant difference between the
two groups was detected (32.6±19.1 vs 27.4±18.3 U/mL,
P>0.05).

CONCLUSION: No significant association between H pylori

infection and lung cancer was found.
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INTRODUCTION
Helicobacter pylori (H pylori) infection of the gastric mucosa
affects approximately 50% of the world’s population[1]. It seems
to be the main cause of chronic antral gastritis[2] and is strongly
associated with peptic ulcer disease[3], gastric cancer[4], and
gastric MALT-lymphoma[5]. In the past few years, a variety of
extradigestive disorders, including cardiovascular, skin, rheumatic
and liver diseases, have also been associated with H pylori
infection[6,7]. As regards respiratory diseases, an increased H pylori
seroprevalence has been found in active bronchiectasis[8],
chronic bronchitis[9,10] and active pulmonary tuberculosis[11].
The activation of inflammatory mediators by H pylori seems to
be the common pathogenetic mechanism underlying the
observed associations[12].

       It is well known that the prevalence of lung cancer in peptic
ulcer patients is increased 2 to 3 fold compared with findings
in ulcer-free controls[13-18]. The major factor underlying this
association seems to be the impact of cigarette smoking on
both diseases. However, a recent pilot study, in a small number
of patients, showed that H pylori infection, per se, might be
implicated in lung cancerogenesis[19]. It suggested that the
prolonged release of gastrin and cyclooxygenase (COX)-2 in
H pylori infected patients might account for the stimulation of
lung cancer growth and tumor neoangiogenesis[19]. However,
insufficient information is available on the prevalence of H pylori
infection in lung cancer patients.
      Therefore, in order to further investigate the relationship
between H pylori infection and lung cancer, we assessed H pylori
seroprevalence in a cohort of Greek patients with lung cancer
and control subjects.

MATERIALS AND METHODS
Study subjects
The present study was conducted at the 9th Department of
Pulmonary Medicine, “Sotiria” Chest Diseases Hospital
(Athens, Greece). The local ethics committee approved the study
and written informed consent was obtained from each participant.
Following a predefined protocol, between March 1, 2002 and
April 30, 2001, 104 consecutive patients with, histologically
verified, primary lung cancer were recruited from our department.
Exclusion criteria were: (1) prior Helicobacter eradication
therapy, (2) consumption of acid suppressive drugs or antibiotics
in the preceding 6 mo and (3) a history of vagotomy or
operations of the upper gastrointestinal tract. A total of 32
patients were excluded. Therefore, 72 patients were eligible
for analysis.
       Controls were selected randomly from subjects who attended
courses designed for public health education during the period
of the study. Exclusion criteria for controls were: (1) a known
history of lung cancer and (2) a known history of gastrointestinal
tract pathology. Finally, we selected 68 controls out of 99
healthy subjects and we matched them with the patients for
sex, age (within 2 years) and socioeconomic status.

Methods
All subjects enrolled (lung cancer patients and controls)
underwent an enzyme-linked immunosorbent assay (ELISA)
IgG serologic test for H pylori diagnosis (HEL-P test, Park Co,
Athens, Greece), in accordance with the manufacturer’s
guidelines. A positive, borderline or negative result was assigned
when the concentration of IgG antibodies against H pylori was
greater than 25, between 20 and 25 and less than 20 U/mL
respectively. The specificity and sensitivity of the serology
test, validated in our local population, were 95% and 85%
respectively.

Statistical analysis
Results are expressed as mean±SD. Significance of difference
between groups was assessed by unpaired Student’s t-test for
continuous variables and χ2-test for proportions. Correlation
coefficients between variables were determined using conventional



Pearson’s correlation analysis. Statistical analysis was performed
using SPSS program (SPSS Inc, IL, USA) and P-values were
two-tailed analyzed. P less than 0.05 was considered statistically
significant.

RESULTS
The demographic data of both patients and controls are shown
in Table 1. There was no statistical difference in age or gender
between the two groups. The majority of lung cancer patients
were current cigarette smokers (60 patients, 83.3%) or ex-smokers
(10 patients, 13.9%) and only 2 patients (2.8%) had never
smoked. On the other hand, 40 out of 68 control subjects (58.8%)
were never-smokers, 20 (29,4%) were current and 8 (11.8%)
were previous smokers.
     A correlation between age and H pylori IgG level was
detected for both lung cancer patients (r = 0.42, P = 0.004) and
controls (r = 0.44, P = 0.004). Among the lung cancer patients,
44 (61.1%) were anti-H pylori IgG positive, 2 (2.8%) had
borderline values and 26 (36.1%) were seronegatives. Of the
control subjects 38 (55.9%) were anti-H pylori IgG positive,
2 (2.9%) were borderline and 28 (41.2%) were seronegatives.
      H pylori seropositivity did not differ significantly between
patients with lung cancer and controls (P>0.05) (Table 1).
Concerning the mean serum concentration of IgG antibodies
against H pylori no significant difference between the two
groups was detected (P>0.05).

Table 1  Demographic data and H pylori serologic parameters

Parameter      Control    Lung cancer          P
     (n = 68)       (n = 72)

Age (yr)     54.8±12.1    58.2±11.7        0.79
Male gender (%)                                73.5    76.3           0.88
H pylori IgG level (U/mL)           27.4±18.3    32.6±19.1        0.18
H pylori IgG seropositivity (%)         55.9    61.1            0.23

DISCUSSION
Data in literature on the relationship between H pylori infection
and lung cancer are poor. Recently, Gocyk et al. carried out a
pilot study in a sample of 50 Polish patients with lung cancer
and showed an increased H pylori seroprevalence (89%).
Moreover, they proposed that the seropositive patients might
be considered for H pylori eradication in order to reduce the
hypergastrinemia and COX-2 expression[19], provoked by this
bacterium. As both overexpression of COX-2 in lung tissue[20-22]

and increased serum levels of gastrin[23] have been reported in
lung cancer patients, a pathogenetic link between H pylori
infection and lung cancer seems to exist.
      Our study is the first one focusing on seroprevalence of
H pylori, in a relatively large population of Greek patients with
lung cancer. According to our results, H pylori seroprevalence
in lung cancer patients did not differ significantly from that of
the control subjects. The age-related pattern of infection, which
in our study was detected for both lung cancer patients and
controls, was common in developed countries and explained
by the cohort effect[24]. The socioeconomic status, which was
related with both H pylori infection and risk of lung cancer,
was similar between the two groups. Tobacco use could be
another confounding factor. Cigarette smoking was the most
important etiologic factor of lung cancer and seemed to fully
account for the, observed in previous studies, association
between peptic ulcer and lung cancer[13-18]. However, data on
the relationship between H pylori infection and smoking habits
are controversial. The prevalence of H pylori infection in
smokers has been variously reported as low[25], normal[26], and
high[27]. In the present study, we did not match patients with

control subjects in smoking habits. As the relation between
smoking and H pylori infection has not been clarified yet, the
possible impact of cigarette smoking on both lung cancer and
H pylori infection should be regarded as a potential study
limitation.
      The present study did not focus on the potential pathogenetic
mechanisms underlying a possible association between H pylori
infection and chronic bronchitis. This association might reflect
either susceptibility induced by common factors or a kind of
causal relationship between these diseases. As far as we know,
there are no common factors implicated in the susceptibility to
both lung cancer and H pylori infection. However, we can not
rule out this possibility, as the predisposing conditions to
H pylori infection have not been clarified yet. With regard to
the aetio-pathogenetic role of H pylori infection in lung cancer
development, it has been suggested that the prolonged release
of gastrin and cyclooxygenase (COX)-2 in H pylori infected
patients might stimulate lung cancer growth and lead to tumor
neoangiogenesis[19]. The spilling or inhalation of H pylori or
its exotoxins into the respiratory tract might also lead to their
accumulation in lung tissue. However, as far as we know, neither
identification of H pylori species in human bronchial tissue,
nor isolation of H pylori from bronchoalveolar lavage (BAL)
fluid has been achieved yet[24]. Studies estimating the relative
risk of developing lung cancer for H pylori infected patients
and the effect of H pylori eradication on the natural history of
chronic bronchitis are also needed to further investigate these
hypotheses.
     In conclusion, the present study suggests that H pylori
seroprevalence in lung cancer patients did not differ significantly
from that of control subjects. Our results should be confirmed
in a larger number of patients. Further studies are needed to
clarify the pathogenetic mechanisms, if those exist, underlying
a possible association between these two diseases.
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Abstract

AIM: To identify the prognostic factors with regard to survival
for patients with brain metastasis from primary tumors of the
gastrointestinal tract.

METHODS: Nine hundred and sixteen patients with brain
metastases, treated with whole brain radiation therapy
(WBRT) between January 1985 and December 2000 at the
Department of Radiation Oncology, University Hospital
Freiburg, were analyzed retrospectively.

RESULTS: Fifty-seven patients presented with a primary
tumor of the gastrointestinal tract (esophagus: n = 0, stomach:
n = 10, colorectal: n = 47). Twenty-six patients had a solitary
brain metastasis, 31 patients presented with multiple brain
metastases. Surgical resection was performed in 25 patients.
WBRT was applied with daily fractions of 2 Gray (Gy) or 3 Gy
to a total dose of 50 Gy or 30 Gy, respectively. The interval
between diagnoses of the primary tumors and brain
metastases was 22.6 mo vs 8.0 mo for patients with primary
tumors of the colon/rectum vs other primary tumors,
respectively (P<0.01, log-rank). Median overall survival for
all patients with brain metastases (n = 916) was 3.4 mo
and 3.2 mo for patients with gastrointestinal neoplasms.
Patients with gastrointestinal primary tumors presented
significantly more often with a solitary brain metastasis than
patients with other primary tumors (P<0.05, log-rank). In
patients with gastrointestinal neoplasms (n = 57), the
median overall survival was 5.8 mo for patients  with solitary
brain metastasis vs 2.7 mo for patients with multiple brain
metastases (P<0.01, log-rank). The median overall survival
for patients with a Karnofsky performance status (KPS) 70
was 5.5 mo vs 2.1 mo for patients with KPS <70 (P<0.01,
log-rank). At multivariate analysis (Cox Model) the performance
status and the number of brain metastases were identified
as independent prognostic factors for overall survival.

CONCLUSION: Brain metastases occur late in the course
of gastrointestinal tumors. Pretherapeutic variables like KPS
and the number of brain metastases have a profound influence
on treatment outcome.
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INTRODUCTION
The metastatic dissemination of a solid tumor to the brain is
generally associated with a poor prognosis[1]. The most common
primary tumors metastasizing to the brain are breast and lung
cancer, whereas patients with other primary tumors, e.g. tumors of
the gastrointestinal tract, rarely present with brain metastases[2-4].
Furthermore, within the group of gastrointestinal tumors, the
incidence of brain metastases shows notable differences. They
are extremely rare in esophageal tumors[5,6], but more common
in rectal cancer. Few literatures concerning this group of patients
are available and therefore prognosis and hence treatment
strategies remain controversial.
       We retrospectively evaluated patient-, tumor- and treatment-
related variables in patients with brain metastases of primary
tumors of the gastrointestinal tract (i.e. epithelial tumors of the
esophagus, stomach, colon, sigma, and rectum) who were treated
with whole brain radiation therapy (WBRT) at our institution.
The aim of the study was to identify the prognostic factors
with regard to the endpoint survival.

MATERIALS AND METHODS
The records of all patients with brain metastases, who were
treated with WBRT at our institution between January 1985 and
December 2000, were analyzed retrospectively. Brain  metastases
were detected by contrast-enhanced cerebral computed tomography
(CT) (n = 43) or magnetic resonance imaging (MRI) (n = 14).
      WBRT was performed in 16 patients with cobalt60 gamma
rays, and in 41 patients with 6 MV photons of a linear accelerator.
During the study period two fractionation schemes were used:
conventional fractionation with daily fractions of  2 Gray (Gy),
five days per week to a planned total dose of 50 Gy (n = 42) and
since 1997 hypofractionation with daily fractions of 3 Gy, five
days per wk to a planned total dose of 30 Gy (n = 15). None of
the patients underwent a chemotherapy during WBRT.
     The recursive partitioning analysis (RPA) was used to
classify the patients with brain metastases[7]. Class I contained
all patients with a Karnofsky performance status (KPS 70,
age < 65 years, a controlled primary tumor and no extracerebral
metastases), Class III contained all patients with a KPS <70,
and Class II contained all other patients.
       All patients alive at the time of  analysis were censored with
the date of last follow-up. The endpoint of the study was overall
survival. Survival was calculated from the first day of radiotherapy
using the method of Kaplan and Meier. Survival curves were
compared using the log-rank test. All factors with a P-value 0.1
at univariate analysis were entered into a multivariate analysis
using the proportional hazards model.



RESULTS
Patient characteristics
Fifty-seven (6.2%) of the 916 patients presented with brain
metastases from a cancer of the gastrointestinal tract. The exact
localization of the primary tumor is shown in Table 1. None of
the patients had an esophageal tumor, the most common primary
site was rectum (n = 24) and  colon/sigma (n = 23). In all patients,
histology obtained either from the primary tumor, brain metastases
or from extracerebral metastases, was adenocarcinoma.

Table 1  Site of primary tumor within gastrointestinal tract1

Site of primary tumor   n (%)

Esophagus   0 (0)
Stomach 10 (17.5)
Colon 17 (30)
Sigma   6 (10.5)
Rectum 24 (42)

1Esophagus, stomach, colon, sigma, rectum.

       Thirty patients were males, 27 females. Their median age at
diagnosis was 65 years (range: 30-80 years). Twenty-nine
patients (51%) had a KPS 70. Twenty-six patients (46%) had
a solitary brain metastasis, 31 (54%) had multiple lesions.
Location of the metastases is shown in Table 2. Gross total
resection was performed in 25 patients (19 patients with single
metastasis, six patients with multiple metastases).

Table 2  Location of brain metastases

Location   n (%)

Single lesion 26 (100)
Frontal   4 (15)
Temporal   1 (4)
Parietal   6 (23)
Occipital   1 (4)
Cerebellum 14 (54)
Brainstem   0 (0)
Multiple lesions 31(100)
Supratentorial 20 (64)
Infratentorial   3 (10)
Both   5 (16)
Unknown   3 (10)

        All patients presented with extracerebral metastases, mostly
of the lung and/or the liver. Grouped according to the RPA
classes, none of the patients met the criteria for class I. Twenty-
nine patients (51%) met the criteria for class II. Twenty-eight
patients (49%) presented with a KPS <70, and therefore
belonged to RPA class III.
      Patients with a primary tumor of the gastrointestinal tract
presented with a solitary brain metastasis significantly more often
(46%) than patients with other primary tumors (30%) (P < 0.05, χ2 ).
In patients with a primary tumor of the gastrointestinal tract,
25% (14 of 43 patients) had a solitary metastasis localized in the
cerebellum, whereas the localization of solitary metastases in
the cerebellum in patients with other primary tumors was 5%
(42 of 805 patients). This difference was statistically significant
(P<0.01). Other locations of brain metastases were not significantly
different between these two groups.
       The time from the diagnosis of  primary tumors to the diagnosis
of brain metastases was 16.3 mo, 27 mo, and 20 mo in patients
with gastric carcinoma, colon carcinoma , and rectum carcinoma,
respectively, and showed no statistically significant difference.
Compared with patients with other primary tumors, patients

with primary tumors of the colon/rectum had a significant longer
interval between the diagnoses of primary tumors and brain
metastases (22.6 mo vs 8.0 mo, respectively, P<0.01).

Survival data
 The median overall survival (OS) time for patients with a primary
tumor of the gastrointestinal system was 3.2 mo and showed
no significant difference compared to the overall survival time
of  3.5 mo for patients with brain metastases and other primary
tumors (Figure 1). OS rate for patients with gastrointestinal
tumors was 49%, 30%, and 7%, at 3, 6, and 12 mo, respectively.
Within the group of gastrointestinal tumors, patients with a
primary tumor of the stomach, colon/sigma, and rectum had a
median OS time of 2.7, 5.2, and 3.2 mo, respectively. This was
not a statistically significant difference.

Prognostic factors
The potential prognostic factors tested for significance in
univariate analysis were sex, age ( /< 65 years), pretherapeutic
performance status (KPS /< 70), number (single vs multiple)
and distribution of brain metastases (Table 2), extracerebral
tumor activity (yes vs no), resection status (operation yes vs no),
and fractionation scheme (conventional fractionation vs
hypofractionation). The fractionation scheme (2 Gy daily, 50 Gy
total dose vs 3 Gy daily, 30 Gy total dose) showed no statistical
significance for OS.
       Three factors had a P-value 0.1 in univariate analysis
and were entered into multivariate analysis: pretherapeutic
performance status, number of brain metastases, and resection
status. Concerning the OS, patients with a KPS 70 had a
median OS time of 5.5 mo vs 2.1 mo for patients with a KPS < 70
(P<0.01) (Figure 2). The same values were found by comparing
the patients in RPA class II vs RPA class III. The median OS time
for patients with a solitary metastasis was 5.8 mo and 2.7 mo for
patients with multiple metastases (P<0.01) (Figure 3). The
median OS time for patients with resection of brain metastasis
was 6.6 mo and 2.7 mo for patients without resection (P<0.01).

Figure 1  Overall survival according to primary tumor.

Figure 2  Overall survival according to KPS ( 70 vs <70).

O
v
e
ra

ll 
su

rv
iv

a
l

0             6            12            18          24

1.0

0.8

0.6

0.4

0.2

0.0

Time of after radiotherapy (mo)

Gastrointestinal tumors (n = 57)

All others (n = 859)

O
v
e
ra

ll 
su

rv
iv

a
l

0             6            12            18          24

1.0

0.8

0.6

0.4

0.2

0.0

Time of after radiotherapy (mo)

KPS >/= 70 (n = 29)

KPS <70 (n = 28)

         P<0.01

3346         ISSN 1007-9327    CN 14-1219/ R      World J Gastroenterol    November 15, 2004   Volume 10   Number 22



Figure 3  Overall survival according to the number of brain
metastases (solitary vs multiple).

      In the first multivariate model limited to pretherapeutic
variables, the number of brain metastases (single vs multiple,
relative risk [RR] 0.63, 95% confidence interval [KI] 0.45-0.88)
and the KPS ( 70 vs <70, RR 0.59, 95% KI 0.42-0.82) turned out to
be independent prognostic factors. In the second multivariate
analysis we added the therapeutic variable ‘resection’. The KPS
and the number of brain metastases were still independent
prognostic factors (RR 0.59, 95% KI 0.43-0.79, P<0.01 and RR 0.65,
95% KI 0.45-0.90, P<0.05 respectively), whereas resection status
was not a prognostic factor.

DISCUSSION
In our series, 6.2 % of the patients treated with WBRT presented
with a primary tumor located in the gastrointestinal tract. None
of the 916 patients had a primary esophageal carcinoma. Brain
metastases from esophageal carcinoma were extremely rare,
with a reported incidences of approximately 1-5% in autopsy
series[8,9], and approximately 1-4% in clinical series[5,6,10,11].
       In ten patients the primary tumor was a gastric carcinoma. The
majority of publications on brain metastases from gastric carcinoma
were case reports[12]. Two large studies found 0.7% of 3 320
patients, and 0.16% of 8 080 patients with gastric carcinoma to
have brain metastases[13,14]. In an autopsy series by Poser and
Chernik, 5 of 46 patients (10.8%) with gastric carcinoma had
brain metastases[2]. The rarity of brain metastases both from
esophageal and gastric cancer might result from the grim prognosis
of these tumor entities[15]. In esophageal cancer, brain metastases
tended to occur in patients with large primary tumors[5], usually
implicating a short overall OS time. The low incidence in clinical
trials might further result from an inadequate diagnostic
evaluation, and symptoms indicating brain pressure like nausea
and vomiting might be attributed to the primary tumor[14]. The
reason for the relatively high incidence of brain metastases
from gastric cancer in our group is not clear. Gastric carcinoma
is rare in Europe compared to Asian countries. In half of our
patients gastric carcinoma was a gastric cardia carcinoma,
and recent studies suggested, that they were distinct from
adenocarcinomas of the esophagus and stomach regarding
epidemiological and biological factors[16-18]. These differences
could possibly be associated with other pathways of metastatic
spread, resulting in a relatively higher incidence of brain metastases.
      Forty-seven patients had a primary colorectal carcinoma.
The incidence of brain metastases in colorectal cancer ranged
2-10% in clinical studies[19-21]. As observed in other studies[14,21,22],
the majority of primary tumors in our patients were located in
the distal parts of the colon, i.e. sigma and rectum (64%).
Significantly more patients with colorectal primary tumors
presented with cerebellar metastases compared to patients with
other primary tumors  (25% vs 5%, respectively, P<0.01). Studies
by Wronski and Alden confirmed this finding, with a frequency
for infratentorial location of 35% and 55%, respectively[21,23].
The relative over-representation of cerebellar metastases in

colorectal carcinoma might be due to tumor spread by way of the
vertebral system (i.e. Batson’s plexus), bypassing the lungs[24].
The two other possible routes of hematogeneous dissemination
of colorectal cancer to the brain were via the rectal vein plexus
to the inferior vena cava, bypassing the liver, or via the portal
veins to the liver and lung and then to the brain[20,25]. The
incidence of pulmonary metastases in our patients with
colorectal cancer was 50% (23/46 patients), which was clearly
higher than the approximatley 30% for patients with metastatic
colorectal cancer[26], an observation also made in others[19-21].
Presumably the rectal plexus of veins, draining into the inferior
vena cava and subsequently the lung are also an important
route for tumor spread to the brain.
      The interval between the diagnosis of primary tumor and
brain metastases in our study group for patients with gastric
and colorectal carcinoma was significantly longer (22.6 mo)
than that for patients with other primary tumors (8.0 mo).
Although only few larger studies on patients with colorectal
carcinoma and brain metastases are available to date, all reported
a late onset of brain metastases, with a period ranging 21-36 mo
between detection of primary tumors and diagnosis of brain
metastases[19-21,23,27-29] (the larger studies on gastric cancer did
not give detailed information on this topic[13,14,30]). Corresponding
to the late onset of brain metastases in the clinical course of gastric
and colorectal tumors, all of our patients had further extracerebral
metastases (consequently none of our patients was qualified
for RPA-class I). The high rate of extracerebral metastases was
confirmed by most authors[19-23,28,31,32] and even represented the
most important prognostic factor in the study of Nieder et al.[31].
       Although the onset of brain metastases in our patients with
gastrointestinal tumors was late, and the systemic disease was
advanced, its median OS time was not statistically different
from the median OS time of  patients with brain metastases of
other primary tumors (3.2 vs 3.5 mo, respectively). It was
comparable to the median OS time for patients with brain
metastases and colorectal carcinoma or gastric carcinoma treated
with WBRT seen by others, which ranged from 2.0 to 3.6 mo for
colorectal carcinoma[20,22,23,32] and approximately 2 mo for gastric
carcinoma[13,14]. Hasegawa, in contrary, found a shorter
survival time in a radiosurgically treated series of patients with
gastrointestinal tumors compared to patients with other primary
tumors[27]. Several authors described a longer median OS time
of approximately 9 mo for patients who underwent surgical
resection of brain metastases as a sole treatment or followed
by radiotherapy[21,22,27,32,33]. Whereas resection of brain metastases
seemed to be a favorable prognostic factor in our patients in
univariate analysis, it was not statistically significant in
multivariate analysis.
       The independent factors correlated with a better prognosis
in our multivariate analysis were a KPS 70, and the presence
of a solitary brain metastasis. It has been widely accepted that
the pretherapeutic performance status is one of the most
powerful predictive factors for the survival of patients with
brain metastases[7,34-38] which could be validated for patients
with brain metastases from gastrointestinal tumors in our study
group. The more favourable prognosis for patients with primary
tumors of the gastrointestinal system presenting with a solitary
brain metastasis was also found by Farnell et al.[32], whereas
others only found the surgical resection of brain metastases to
be associated with a better survival[19,23,27]. In our second multivariate
analysis, including the therapeutic variable ‘resection’ status
could not be identified as an independent prognostic factor, as
mentioned above. In order to diagnose brain metastases in an
early phase, in which a resection could still be possible, discrete
symptoms hinting cerebral tumor spread should be taken seriously.
      A basic problem concerning treatment recommendations
for patients with brain metastases of  gastrointestinal tumors is
that to date only few retrospective studies with a relatively small
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number of patients are available. Therefore, the results concerning
the prognostic factors should be regarded with caution. The
different prognostic factors from each study should be kept in mind
when considering a therapeutic concept for individual patients.
       In conclusion, brain metastasis is a late event in the course
of gastrointestinal tumors, and it occurs later as in patients
with other primary tumors. However, the overall survival time
is comparable to patients with brain metastases from other
primary tumors. Independent prognostic factors in our group
were KPS and the number of brain metastases.
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Abstract

AIM: To study the developmental regularities and
heterogeneity of mast cells (MC) in human fetus duodenum
and the distribution and developmental regularities of
substance P(SP), calcitonin gene-related peptide (CGRP)-
immunoreactive (IR) peptidergic nerves in fetus duodenum,
as well as the relationship between MC, SP and CGRP- IR
peptidergic nerves.

METHODS: Duodena from 21 cases of human fetus and
one term infant were stained by hematoxylin-eosin (HE),
toluidine blue (TB) and immunohistochemical avidin-biotinylated
peroxidase complex (ABC) method.

RESULTS: Lobe-shape intestinal villi in duodenum were
already developed at the twelfth week. At the 21st wk,
muscular mucosa appeared gradually, and four layers were
observed in the wall of duodenum. TB staining showed
that the granules in the immature MC were pale violet,
while the mature MC were strong violet in color by TB
staining. Connective tissue MC (CTMC) appeared occasionally
in submucosa and muscular layer of duodenum at the
16th wk. While the mucosa MC (MMC) appeared at the
18th wk. At the 22nd wk, both CTMC and MMC were
activated, and distributed in the surrounding blood vessels
and ganglions. The verge of some MC were unclear, and
showed degranular phenomena. At the 14th wk, SP and
CGRP-IR nerve fibers and cells appeared in the myenteric
and submucous plexuses in small intestine, and the
responses were turn strongly. Neurons were light to deep
brown, and nerve fibers were present as varicose and liner
profiles. On the corresponding site of serial sections, SP
and CGRP immunohistochemical reactions were coexisted
in one nerve fiber or cell. Some of MC showed SP and
CGRP-IR positive staining.

CONCLUSION: There are two heterogeneous kinds of MC
in duodenum, MMC and CTMC. MC might play an important
role in regulating blood circulation and sensation.

Chen XY, Jia XM, Jia YS, Chen XR, Wang HZ, Qi WQ.
Development and distribution of mast cells and neuropeptides
in human fetus duodenum. World J Gastroenterol  2004; 10
(22): 3349-3352
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INTRODUCTION
Previous microscopic anatomy studies have shown that somatic
and visceral nerves are both widely approached to MC. MC
and nerve cells interact with each other by connecting with
a lemma or degranular style, so that they could regulate
microenvironments. As far as organizations are concerned, the
anatomic relation means interaction with function, but no
studies are available about the development and distribution
of MC and developmental regularities of SP, CGRP-IR nerves
and cells in human fetus duodenum. BY investigating the
relationship between MC and nerve- endocrine- immunological
network[1-3], we observed the histological changes in human
fetus duodenum with HE staining, the developmental
regularities and heterogeneity of MC with TB special
staining, neuropeptide SP, CGRP by ABC methods, the
relations between neuropeptide and MC. The study provided
morphology data of the functional significance of mast cells
in human fetus duodenum.

MATERIALS AND METHODS
Tissue specimens
Twenty-one fetuses of 3-9 mo old and one dead term infant
were randomly collected within 1-5 h after birth, in which
10 were males and 11 were females. Duodena were taken out
(near to bulbs), and fixed in 40 g/L formaldehyde for 12 h, cut
into 10 mm×5 mm×3 mm, then embedded in paraffin and cut
into 5µm thick serial section.

TB special staining
The paraffin embedded sections were deparaffined in serial
xylene, dehydrated by alcohol solvents and mounted by xylene
transparent neutral gum, then examined by microscopy and
photographed.

Immunohistochemistry
The reactions were carried out according to the ABC method
as previously reported[4]. Briefly, the paraffin sections were
deparaffined in xylene and graded alcohol. Sections were
incubated at room temperature for 10 min with 30 mL/L H2O2

solution to block endogenous peroxidase activity. After washed
with phosphate buffered saline (PBS) 3 times for 5 min each,
slides were digested with trypsin, treated with 3 g/L Triton
X-100, followed by incubation with antibodies SP (1:2 000,
Sigma) or CGRP (1:1 000, Sigma) at 37  for 2 h and at 4 
for 24 h. The sections were then incubated with biotin-
conjugated IgG (diluted in PBS, 1:100) for 2.5 h at room
temperature and washed with PBS 3 times for 5 min each,
followed by incubation with the streptavidin-peroxidase
complex for 1 h. At last, chromogen 3,3’-diaminobenzidine
tetrahydrochloride (DAB) (1:50, Wuhan Boster) was added
to visualize the reaction products of peroxidase.
     The specific neuropeptide antibodies were replaced by
PBS or normal rabbit serum for the negative controls. Adult
duodenum tissue sections were used as positive controls, which
showed immunoreactivity for SP and CGRP.
     The results were judged as follows. Pale-yellow was



negative (-), shallow brown was weak positive (+), brown
was moderately positive (++), and deep brown was strongly
positive (+++).

RESULTS
HE staining
The histological differentiations were found in lobe-shape
intestinal villi in duodenum at the 12nd wk. At the 15th wk,
duodenal glands of mucous cells were formed in the
submucosa.  At the 21st wk, muscular mucosa appeared with
4 layers in the wall of duodenum gradually.

TB special staining
The experiments showed that CTMC in submucosa and
muscular layer appeared by staining with 5 g/L toluidine blue
with 500 mL/L alcohol dyeing for 5 min, but MMC in mucous
layer appeared by staining with 5 g/L toluidine blue with one
equivalent hydrochloric acid for 5 d. At the 16th wk, CTMC
appeared occasionally in submoucosa. But the time of MMC
appearance was at the 18th wk. The granules in immature MC
were pale violet, and strong violet in the mature MC as detected
by TB special staining. CTMC in intermuscular appeared
fusiform and cell bodies were small. MC in mucosa and
submucosa layer were round or oval in shape and cell bodies
were large (Figure 1A). With the increase of gestational age,
the number of MC in duodenal wall increased gradually. At
the 22nd wk, the two types of MC were activated and
distributed in the surrounding blood vessels and ganglions.
The verge of some MC was unclear, which might be a degranular
phenomenon (Figure 1B). MC were closed together with
connective tissue cells and there existed lemma connection in
fetus duodenal mucous and submucous layer connective tissues.

Figure 1  MC in submucous layer at the 21st wk (A) and in
mucous layer at the 27th wk (B) of duodenum (TB×400).

Immune phenotype
The degree of positive SP-immunoreactivity (SP-IR) and
CGRP-immunoreactivity (CGRP-IR) and their distribution in
neurons and nerve fibers (NF) in fetus duodenum had no sex
difference. At the 14th wk, SP-IR positive neurons appeared
occasionally in the myenteric plexuses of duodenum and
neuron cell bodies showed fusiform, few SP-IR-NF appeared

in submucosal layer. But nerve plexuses of CGRP-IR appeared
at the 16th wk. Diffused SP and CGRP-IR neurons were
appeared in submucous at the 21st wk, pale-brown neuron cell
bodies were round or oval in shape and nuclei were negative
(Figure 2B). SP-IR-NF response to reinforcement (+ to ++)
was found in myenteric connective tissue, showing string
pearls in shape. A few CGRP-IR-NF appeared in submucous
(+), were showing point line in shape. With the growth of
gestational age, nerve fibers were mainly distributed in
connective tissue of mucous, submucous and myenteric layers.
Nerve plexus density increased, and staining turned deep
gradually. The dark black positive nerve plexuses were
identified (+++) in fetus duodenum after 34th wk, showing
network structures and obvious varicosity (Figure 2B). On the
corresponding site of serial sections, SP-IR and CGRP-IR
materials were partially coexisted in nerve fibers and
neurons. In serial sections of TB histochemistry and ABC
immunohistochemistry staining, about 10% MC were SP-IR
positive, and less MC were CGRP-IR positive. Some of SP,
CGRP-IR-NF positive cells were coexisted with MC, while
some were closely contacted.

Figure 2  CGRP-IR (+) nerve fiber in duodenum submucous
layer at the 21st wk (A) (ABC×100) and SP-IR (++) neuron in
duodenum submucous layer and myenteric nerve plexuses at
the 28th wk (B) (ABC×200).

DISCUSSION
The results of our experiment showed that there were two kinds
of MC in connective tissue of fetus duodenum, namely MMC
and CTMC, which possessed heterogeneity. our results are
consistent with Wang et al.[5]. It might be related to many
factors such as local microenvironment. The activated MC
were localized around cells, small vessels and ganglions in
submucosa, showing that MC were related with those cells
and tissues. Surface of some MC boundary was not clear. MC
showed degranulation, which means that the cells were
releasing active media and affecting peripheral environments
and cells, so we considered that MC might take part in allergic
and other physiological activities during fetus development
and maturation of its surrounding tissues and organs. With
electron microscope, Li et al.[6] observed MC cytoplasm in
intestinal mucosa lamina propria had electron dense round
granules and electron-lucent inequality of size vesicles, which

A

B

A

B

3350             ISSN 1007-9327    CN 14-1219/ R      World J Gastroenterol    November 15, 2004   Volume 10   Number 22



were phenotype of activated MC. MC were important effector
cells. It conducted the signal of inflammation cells, and induce
the occurrence of mucosa correlated diseases[7-9]. Previous
studies have shown the severity of gastrointestinal allergic
diseases, such as Hp infection, stomach reflow in duodenum,
neuro-psychical factor leading gastro-intestinal functional
dyspepsia related with MC, and the more serious the disease,
the more obviously increased the numbers of MC[10,11]. MC
could release inflammatory medium, secretory cytokines
(IL-2, TNF-α), biologically active molecules through
phospholipase A2 pathway in earlier period of various kinds
of enteritis, which could evoke physiological injuries in the
intestinal[12-14]. With the growth of gestational age, the number
of MC in bowel wall connective tissue increases gradually,
suggesting that MC play an important regulatory role in
developing tissue cells in duodenum.
     Our experiment showed that the SP-IR and CGRP-IR
peptidergic nerves plexus appeared at different time. Owing
to the difference of local microenvironments in gastrointestinal
tract, various kinds of peptidergic nerves appeared in different
time. This difference was decided by local microenvironments
of neural crest cells on the way of migration or after its
presence. The occurrence of peptidergic nerves was determined
by interaction of microenvironmental factors and crest cells.
Since different investigators used different specimen source,
they adopted different methods and techniques, the detection
rate of positive nerve fibers and neurons was different. for
example, Larsson et al.[15] reported that CGRP-IR-NF was not
observed in fetus duodenum mucosa membrane. But Yang
et al.[16] reported that developing fetus from the 13th week
showed mild CGRP-IR-NF in myenteric nerve plexus of
duodenum. There were differences in the distribution of SP
and CGRP peptidergic nerve plexus at the same gestational
age. We found that the distribution and response of SP-IR-NF
was slightly higher than those of CGRP-IR-NF in myenteric
nerve plexus, but CGRP-IR-NF mainly existed in connective
tissue of mucosa and submucosa layers, showing that there
was a difference in distribution of peptidergic nerve fibers in
the same individual organ. They were closely connected with
the presence of digestive tract peptidergic nerve. SP peptidergic
nerves exist mainly in duodenum myenteric connective tissue.
It could activate cholinergic nerve of gastrointestinal tract,
cause neurilemma depolarization in myentenic nerve plexus
and increase the effect of acetylcholine, resulting in contraction
of digestive tract smooth muscle and secretion of glands[17].
CGRP peptidergic nerves exit mainly in mucous and submucous
layers. It is probably related to differentiation of duodenal
epithelium and excretion of duodenal gland. CGRP could
expand blood vessels of gastrointestinal tract and increase
capillary permeability. CGRP could inhibit smooth muscles
of gastrointestinal tract and cause relaxation of circular and
longitudinal muscles and decrease duodenum vermiculation[18].
Previous studies have reported that decrease of the level of
serum CGRP might be related to Hp infection, leading to
occurrence of duodenal ampulla ulcer[19]. By observing adjacent
sections, we found there was partial concordance in localization
of SP-IR and CGRP-IR positive neurons. Therefore it is possible
that SP and CGRP neurotransmitters coexist in peptidergic
nerves. In previous studies, besides the coexistence of CGRP,
cells of SP, somatostatin, vasoactive intestinal peptide (VIP)
and neuropeptide Y were also coexisted in thymus, sensory
ganglion and other organs[18,20,21]. Because SP, CGRP peptidergic
nerve fibers project very extensive in central nervous system,
it is possible that these neuropeptides together with nervous
system produce an important effect on sensation, movement,
endocrine and other aspects. Gastrointestine SP,CGRP could
regulate stability of MC, which might play an important role
in keeping homeostasis the occurrence and development of

many pathologic alternations.
    There are a lot of MC in connective tissue of human
duodenum. Meanwhile, there also existed a huge nervous
system, including rich peptidergic neurotransmitters[22,23].
Those made it possible to connect adequate information
between MC and nervous system. Gastrointestinal mucous MC
are next to gastrointestinal nervous system. It provides double
directions of channel between center nervous system and
intestinal tract. Thus nervous system can influence physiological
functions of gastrointestinal tract. MC could also stimulate
intestinal neurons and smooth muscle cells by releasing various
kinds of media[24,25]. By electron microscopy some researchers
found lemma connection was existed between MC plasmalemma
and axon of nonmyelinated nerve fibers in enteron mucosa,
form “plywood structure” and synaptic connection[6,26]. As far
as organ is concerned, that MC closely contacted with nerves
in anatomy means interaction of function by releasing certain
active substances, such as histamine, nitrogen monoxide etc,
as transmitters; On the other hand, nerves could affect MC
growth and development. Animal experiments confirmed that
the number of MMC and CTMC could be increased by nerve
growth factor (NGF), moreover, NGF receptors have been
discovered on the surface of MC in rat belly[27]. It has been
confirmed that SP and VIP are coexisted in MC[28]. Jia et al.[29-31]

observed MC in mouse submandibular glands or tongue, and
found that most of the MC were SP-IR positive, and 14% MC
were CGRP-IR positive. In our studies, we observed that about
10% MC in the wall of fetus duodenum were SP-IR positive,
but fewer MC were CGRP-IR positive, indicating that MC in
different species and organs contain different peptidergic activity
substances. Thus, MC in fetus duodenum possess heterogeneity,
whose physiological significance needs further research.
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Abstract

AIM: To observe the protective effect of rhIL-1β on pancreatic
islets of alloxan-induced diabetic rats.

METHODS: Protection of rhIL-1β on pancreatic islets of
alloxan-induced diabetic rats (n = 5) was demonstrated with
methods of immunohistochemistry and stereology. The
concentration of serum glucose was measured by GOD
method and that of serum insulin by RIA.

RESULTS: The concentration of serum glucose increased
but that of insulin decreased after administration of alloxan
(150 mg/kg), and the volume density and numerical density
of the islets were zero. In rhIL-1β pretreated rats,
although the concentration of serum insulin decreased (from
11.9±3.0 mIU/L to 6.1±1.6 mIU/L, P<0.05), that of glucose
was at normal level compared with the control group.
As compared with alloxan group, the concentration of
serum glucose in rhIL-1β pretreated rats decreased (from
19.4±8.9 mmol/L to 12.0±4.0 mmol/L, P<0.05) and the
volume density increased(0/L to. 1/L, P<0.05).

CONCLUSION: rhIL-1β pretreatment may have protective
effect on the islets of alloxan-induced diabetic rats.

Wu LP, Chen LH, Zhang JS, Sun L, Zhang YQ. Protective effect
of rhIL-1β on pancreatic islets of alloxan-induced diabetic rats.
World J Gastroenterol  2004; 10(22): 3353-3355
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INTRODUCTION
The cytokine interleukin-1β (IL-1β) can not only promote
immunological reaction but also regulate neuro-endocrine
system[1]. Previous studies found that IL-1β could stimulate
the central adrenalin system, promote production of PG, and
downregulate glucose metabolism[2].
      Diabetes mellitus implicates many organs and tissues. It has
been found that IL-1β decreases  serum glucose in experimental

animals and may potentially be therapeutic for diabetes
mellitus[3,4]. In this experiment, we observed changes in serum
glucose and insulin in alloxan induced diabetic rats treated with
IL-1β. In addition, we detected the variation of volume density
and numerical density of insulin positive pancreatic islets by
ABC immunohistochemistry and stereology.

MATERIALS AND METHODS
Animals
Twenty male Sprague-Dawley rats weighing 200 to 300 g were
housed in a temperature-controlled room (24±1 ) with a 12-h
light-dark cycle. The rats were provided with ordinary rat chow
and water and divided into 4 groups (n = 5, every group): (1)
Control group, each rat was injected with 2 mL saline every other
day for 3 times, then injected with 2 mL saline on the 7th d; (2)
rhIL-1β group, each rat was injected with 1×104 U rhIL-1β in
2 mL saline every other day for 3 times, then  injected with 2 mL
saline on the 7th d; (3) rhIL-1β pretreated group, each rat was
injected with 1×104 U rhIL-1β in 2 mL saline every other day for
3 times, then was injected with 150 mg/kg alloxan in 2 mL saline
on the 7th d; (4) Alloxan group, each rat was injected with 2 mL
saline every other day for 3 times, then injected with 150 mg/kg
alloxan in 2 mL saline on the 7th d.

Reagents
Guinea pig anti-rat insulin antibody and SPA-HRP were prepared
by Professor Yun-Long Zhu (Department of Physiology) and
Professor Cai-Fang Xue (Department of Parasitology) of our
university respectively. DAB was purchased from Sigma.

Tissue preparation
Forty-eight hours after last injection of alloxan or saline, rats
were anesthetized with ether and sacrificed by cervical dislocation.
The blood was collected into heparinised tubes (50 kU/L) and
centrifuged (3 000 g, 10 min, at room temperature). Plasma was
aspirated and stored at -70  until assayed as described below.
The pancreas was also removed and fixed in Bouin’s solution
overnight. Each piece was embedded in paraffin and 4-µm
sections were prepared.

Immunohistochemistry
Four-micrometer sections from rat pancreas were employed for
immunohistochemical analysis. Several dilutions of the antibody
were tested to find the optimal staining concentration before the
entire series was processed. The staining procedure was carried
out as previously reported, but without protease treatment.
Briefly, (1) the sections were deparaffinized in xylene, hydrated
in ethanol, and blocked with 3 mL/L H2O2 in methanol for 30 min
to remove endogenous peroxides, then treated with 30 mL/L
normal goat serum for 40 min and rinsed in 0.01 mol/L PBS. (2)
The sections were incubated at 4  for 24 h with primary
antibody, guinea pig anti-rat insulin antibody (1:1 000 dilution,
final concentration 5 mg/L); (3) then with secondary antibody,
SPA-HRP (1:200 dilution), at room temperature for 1 h. (4)
Peroxidative reaction was performed using DAB as chromogen.
The sections were washed three times for 10 min after incubation.
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All slides were stained at the same time and under identical
conditions. Primary antibodies were replaced by irrelevant
antibodies and normal guinea pig serum as specific antibody
control. Primary antibody was replaced by PBS as negative
control. Primary antibody was omitted as blank control.

Detection of serum glucose and insulin
The concentration of serum glucose was measured by routine
GOD method[5] and the concentration of serum insulin was
measured by RIA[6,7]. Every sample was measured three times
and the results were displayed as mean±SD.

Morphometry
Five specimens from each group were used for morphometric
analysis of slides processed for light microscopy. Two sections
from each specimen were then selected and five different regions
of each section were chosen for the measurement of volume
density and number density by double blind method.

Statistical analysis
The results were calculated by the following formula; Nv =
2/3×π×NA×U (AT×A); Vv =  A/AT. Data were analyzed by χ2

test. A P value of less than 0.05 was considered statistically
significant.

RESULTS
Insulin expression in rat pancreas
There were more insulin immunoreactive cells in pancreas of
control group and rhIL-1β group than in alloxan group.
Immunoreactive cells were mainly located in the central region

of the pancreas. Insulin immunopositive cells had dark-brown
reaction products in the cytoplasm mostly and nuclei were not
stained (Figure 1A, B). The number of insulin immunopositive
cells in alloxan group decreased remarkably and there were
only a few positive cells in each pancreatic islet (Figure 1C).
The number of insulin immunopositive cells in rat pancreas of
rhIL-1β pretreated group decreased slightly compared with that
of control group and rhIL-1β group, whereas, the number of
insulin immunopositive cells in rat pancreas of rhIL-1β pretreated
group increased remarkably compared with that of alloxan group
(Figure 1D).

Destructive effect of alloxan on rat pancreatic B cells
The concentration of serum glucose increased significantly
but that of insulin decreased remarkably after administration of
alloxan (150 mg/kg) for 48 h compared with those of control
rats. At the same time, the volume density and numerical density
of the islets were zero (Table 1).

Stimulatory effect of rhIL-1β β β β β on insulin secretion
Compared with control group rats, the concentration of serum
insulin in rhIL-1β group rats increased significantly whereas
that of glucose was at normal level. Immunohistochemistry and
stereology data showed that there were no significant differences
in the number density and volume density of the pancreatic
islets between rhIL-1β group rats and control rats (Table 1).

Protective effect of rhIL-1βββββ on pancreatic islets of alloxan-
induced diabetic rats
In rhIL-1β pretreated group, when the rats were injected with

Table 1  Protective effect of rhIL-1β on pancreatic islets of alloxan-induced diabetic rats

Group Serum glucose Serum insulin Volume density Number density
          (mmol/L, n = 5)            (mIU/L, n = 5)    (/L, n = 50)  (/µm2, n = 50)

Control       8.4±0.3       11.9±3.0      0.6±0.7          5.2±4.1
Alloxan     19.4±8.9a         4.7±1.0a           0a  0a

rhIL-1β       8.0±1.3       20.0±6.6a      0.6±0.5          5.6±5.3
rhIL-1β pretreated     12.0±4.0         6.1±1.6a      0.1±0.1a          5.0±5.7

aP<0.05 vs control.

Figure 1  Insulin immunoreactive cells in pancreas. ABC method ×264 A: control group. B: rhIL-1β pretreated rat. C: alloxan-
induced diabetic rat. D: rhIL-1β pretreated alloxan-induced diabetic rat.

A B

C D



alloxan for 48 h, although the concentration of serum insulin
decreased significantly, that of glucose was at normal level
compared with control group rats. Immunohistochemistry and
stereology data showed that there were no significant differences
in the number density of the pancreatic islets between rhIL-1β
pretreated rats and control rats, whereas the volume density
decreased markedly in rhIL-1β pretreated group (Table 1).

DISCUSSION
Interleukin 1β (IL-1β) is a multi-functional cytokine synthesized
mainly by mononuclear/mo cells and is a key factor in the cytokine
network[8,9]. IL-1β has many biological functions[9-21]. Previous
study showed that IL-1β could decrease the serum glucose level
and might be potentially a new drug for diabetes therapy[2-4].
In our experiment, when the rats were injected with alloxan
(150 mg/kg) for 48 h, the concentration of serum glucose
increased significantly, and that of insulin decreased remarkably.
At the same time immunohistochemistry and stereology data
showed that the value of number density and volume density of
the pancreatic islets were zero. In rhIL-1β pretreated group,
when the rats were injected with alloxan for 48 h, although the
concentration of serum insulin decreased significantly, that of
glucose was at normal level compared with control group rats.
Immunohistochemistry and stereology data showed that there
were no significant differences in the number density of the
pancreatic islets between rhIL-1β pretreated rats and control
rats, whereas the volume density decreased remarkably in
rhIL-1β pretreated rats. Our results suggest that rhIL-1β has
protective effect on pancreatic islets of alloxan-induced diabetic
rats and provide the experimental evidence that rhIL-1β may be
a new therapeutic drug for diabetes.
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Abstract

AIM: To identify the new alternative splicing variants of
human CYP2D6 in human extratumoral liver tissue with
RT-PCR and sequencing.

METHODS: Full length of human CYP2D6 cDNAs was
amplificated by reverse transcription-polymerase chain
reaction (RT-PCR) from a human extratumoral liver tissue
and cloned into pGEM-T vector. The cDNA was sequenced.
Exons from 1 to 4 of human CYP2D6 cDNAs were also
amplificated by RT-PCR from extratumoral liver tissues of
17 human hepatocellular carcinomas. Some RT-PCR
products were sequenced. Exons 1 to 4 of CYP2D6 gene
were amplified by PCR from extratumoral liver tissue DNA.
Two PCR products from extratumoral liver tissues expressing
skipped mRNA were partially sequenced.

RESULTS: One of the CYP2D6 cDNAs had 470 nucleotides
from 79 to 548 (3’ portion of exons 1 to 5’ portion of exon 4),
and was skipped. Exons 1 to 4 of CYP2D6 cDNA were
assayed with RT-PCR in 17 extratumoral liver tissues. Both
wild type and skipped mRNAs were expressed in 4 samples,
only wild type mRNA was expressed in 5 samples, and
only skipped mRNA was expressed in 8 samples. Two more
variants were identified by sequencing the RT-PCR products
of exons 1 to 4 of CYP2D6 cDNA. The second variant skipped
411 nucleotides from 175 to 585. This variant was identified
in 4 different liver tissues by sequencing the RT-PCR
products. We sequenced partially 2 of the PCR products
amplified of CYP2D6 exon 1 to exon 4 from extratumoral
liver tissue genomic DNA that only expressed skipped mRNA
by RT-PCR. No point mutations around exon 1, intron 1, and
exon 4, and no deletion in CYP2D6 gene were detected. The
third variant was the skipped exon 3 , and 153 bp was lost.

CONCLUSION: Three new alternative splicing variants of
CYP2D6 mRNA have been identified. They may not be
caused by gene mutation and may lose CYP2D6 activity
and act as a down-regulator of CYP2D6.

Zhuge J, Yu YN. Three new alternative splicing variants of
human cytochrome P450 2D6 mRNA in human extratumoral
liver tissue. World J Gastroenterol  2004; 10(22): 3356-3360
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INTRODUCTION
Over 90% medications are metabolized by cytochrome P450 (CYP)
family of liver isoenzymes[1]. The most important enzymes are
CYP1A2, 3A4, 2C9/19, 2D6 and 2E1. Although CYP2D6 accounts
for <2% of the total CYP liver enzyme, nevertheless it mediates
metabolism in 25% of drugs in clinical use such as antipsychotics,
antidepressants, beta-blockers, antiarrhythmic agents and
opiates[2]. CYP2D6 exhibits an extensive polymorphism[3]. Over
40 CYP2D6 allelic variants have been reported[4].
       Pre-mRNA splicing involves precise removal of introns from
pre-mRNA, such that exons are spliced together to form mature
RNAs with intact translation reading frames. Splicing requires
exon recognition, followed by accurate cleavage and rejoining,
which are determined by the invariant GU and AG intronic
dinucleotides at the 5’ (donor) and 3’ (acceptor) exon-intron
junctions, respectively[5]. Human genes typically contain
multiple introns, and in many cases the exons can be joined in
more than one way to generate multiple mRNAs, encoding
distinct protein isoforms. This process named alternative
splicing is a major mechanism for modulating the expression of
cellular and viral genes and enables a single gene to increase
its coding capacity, allowing synthesis of several structurally
and functionally distinct protein isoforms[6-9].
       CYP2D subfamily comprises CYP2D6 gene and psudogenes,
i.e. CYP2D7P and CYP2D8BP. Six mRNA splice variants of
CYP2D have been identified in human liver[10], breast[11], lung[12],
and brain tissues[13]. Variants a and b retain intron 5 and 6,
respectively; variant b’ has missed the 3’ 91 bp portion of exon
6; variant c has missed exon 6; variant d retains 57 bp portion of
intron 6; variant e retains the 3’ portion of intron 6 and has
missed the 61 bp fragment at the 3’ end of exon 6. Forms b’ and
c are variants of CYP2D6, and forms d, c, b, b’ are variants of
CYP2D7P[10-13]. All of these CYP2D splice variant mRNAs
disrupt open reading frames. If they are translated, they would
not have CYP2D6 function.
       Three new pre-mRNA alternative splicing variants of human
CYP2D6 in human extratumoral liver tissue were identified by
RT-PCR and sequencing.

MATERIALS AND METHODS

Materials
Moloney murine leukemia virus (M-MuLV) reverse transcriptase
was supplied by MBI Fermentas AB, Lithuania. Random
hexamer primers, T4 DNA ligase and pGEM-T vector system
were supplied by Promega Corp. PCR primers, DNA sequence
primers, dNTPs and Taq DNA polymerase were synthesized or
supplied by Shanghai Sangon Biotechnology Co. DNA
sequencing kit was purchased from Perkin-Elmer Corp. Diethyl
pyrocarbonate (DEPC) was from Sigma Chemical Co. DNA gel
extraction kit was from Hangzhou V-gene Biotechnology Ltd.
Other chemical reagents used were all of analytical purity from
commercial sources. Extratumoral liver tissue samples were
collected from patients undergoing hepatocellular carcinoma
resection at affiliated hospitals of Zhejiang University School
of Medicine and stored at -70 .



Cloning and sequencing of human CYP2D6 cDNA from a human
extratumoral liver tissue
Total RNA was extracted from a human extratumoral liver tissue
from a Han nationality Chinese with AGPC method[14]. RT-PCR
amplifications were described before[15,16]. Two specific 28 mer
oligonucleotide PCR primers were designed according to cDNA
sequence of CYP2D6 reported by Gonzalez et al.[10] (GenBank
accession no. NM_000106). The sequence of sense primer
(CYP2D6 F) corresponds to base position of -39 to -12, i.e. 5’-
AGGTGTGTCTCGAGGAGCCCATTTGGTA -3’, with a restriction
site of XhoI (underlined), and the antisense one (CYP2D6 R),
corresponds to base position from 1 503 to 1 530, i.e. 5’-TGG
CTAGGGATCCGGCTGGGGACTAGGT-3’, with a restriction
site of BamH I (underlined). The anticipated PCR products were
1.569 kb in length. PCR was performed at 94  for 5 min, then
35 cycles, each at 94  for 60 s, at 62  for 60 s, at 72  for 2 min,
and a final extension at 72  for 10 min. An aliquot (10 µL) from
PCR was subjected to electrophoresis in a 10 g/L agarose gel.
The PCR products were ligated with pGEM-T vector, and
transformed into E. coli DH5α. The CYP2D6 cDNA cloned in
pGEM-T was sequenced by dideoxy chain-termination method
marked with BigDye with primers of T7 and SP6 promoters and a
specific primer of 5’-ACCTCATGAATCACGGCAGT-3’ (nt 1 069
to 1 088) on Perkin-Elmer-ABI Prism 310 automated DNA sequencer.

RT-PCR and sequencing analysis of liver transcripts of CYP2D6
exons 1 to 4
Transcripts of CYP2D6 exons 1 to 4 were assayed with RT-PCR
using 17 extratumoral liver tissues from Han nationality Chinese,
with CYP2D6 F and CYP2D6 4R primer: 5’-GCAGAAAGCCCG
ACTCCTCCTTCA-3’ (nt 638 to 661). Simultaneously the beta-
actin (GenBank accession no. NM_001101) cDNA fragment was
amplified in the same Eppendorf tube as an internal control[17].
The sequences of sense and antisense primers used for amplification
of beta-actin cDNA fragment were 5’- TCCCTGGAGAAGAGCT
ACGA-3’ (nt 776 to 795) and 5’-CAAGAAAGGGTGTAACGCA
AC-3’ (nt 1 217 to 1 237) respectively. The anticipated PCR products
of CYP2D6 exons 1 to 4 were 700 bp in length, and those of beta-
actin were 462 bp. PCR was performed at 94  for 3 min, then 35
cycles, each at 94  for 30 s, at 62  for 30 s, at 72  for 45 s, and
a final extension at 72  for 7 min. An aliquot (10 µL) from PCR
was subjected to electrophoresis in a 17 g/L agarose gel. Several
RT-PCR products of CYP2D6 exons 1 to exon 4 were shorter than
the anticipated full length of 700 bp. The shorter RT-PCR products
were separated by agarose gel electrophoresis and extracted using
DNA gel extraction kit according to the manufacturer’s instructions,
and then sequenced by dideoxy chain-termination method marked
with BigDye with primer of CYP2D6 F on Perkin-Elmer-ABI Prism
310 automated DNA sequencer.

Sequencing identification of exon 1 to exon 4 of CYP2D6 gene
Genomic DNA of human extratumoral liver tissues expressed full
length of CYP2D6 exons 1 to 4 only (3 samples), or only exons
skipped (2 samples) or both of full length and skipped ones (3
samples) were extracted according to the methods reported by
Gross-Bellard et al[18]. The segment of CYP2D6 gene from exons
1 to 4 was amplified with CYP2D6 F and CYP2D6 4R primers. The
anticipated PCR products were 2043 bp (from 1581 to 3623) in
length. Two PCR products from extratumoral liver tissues that only
expressed skipped mRNA  were partially sequenced by RT-PCR.

RESULTS
Identification of a new alternative splicing variant from a cDNA clone
During cloning of CYP2D6 cDNA, a 1.1 kb RT-PCR product
was obtained, which was much shorter than anticipated 1.57 kb
(Figure 1).

Figure 1  Electrophoresis of RT-PCR products of CYP2D6
cDNA. Lane 1: 1 kb DNA marker, 2: Amplification of 1.1 kb in
size, 3: Amplification of full length of 1.57 kb.

Figure 2  Partial sequences of the cloned human CYP2D6 cDNA.
The upper sequence represents the sense strand and the un-
derside sequence represents the sequenced anti-sense strand.

Figure 3  Representative electrophoresis of RT-PCR products of
exons 1 to 4 of CYP2D6 from human liver tissues and HepG2
cells with beta-actin as internal control (464 bp). Lane 1: 100 bp
marker, lane 2: A sample having both full length of 700 bp and
shorter 300 bp, lane 3: A sample having only shorter ones (300 bp),
lane 4: HepG2 cells having no CYP2D6 expressed, Lane 5: A sample
having only full length 700 bp of exons 1 to 4 of CYP2D6.

Figure 4  Partial sequences of two alternative splicing variants
of CYP2D6. A: Part of skipped exon 1, exon 2, exon 3, and part
of exon 4. B: Skipped exon 3.
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        5’-AGGTGTGTCTCGAGGAGCCCATTTGGTA-3’       CYP2D6F Primer
CYP2D6 cDNA            AGGTGTGTCCAGAGGAGCCCATTTGGTAGTGAGGCAGGT     -1
CYP2D7 BP                 AGGTGTGTCCAGAGGAGCCCATTTGGTAGTGAGGCAGGT
CYP2D6 variant f
CYP2D6 variant g
CYP2D6 variant h

Exon 1
ATGGGGCTAGAAGCACTGGTGCCCCTGGCCGTGATAGTGGCCATCTTCCTGCTCCTGGTG    60
ATGGGGCTAGAAGCACTGGTGCCCCTGGCCGTGATAGTGGCCATCTTCCTGCTCCTGGTG
ATGGGGCTAGAAGCACTGGTGCCCCTGGCCGTGATAGTGGCCATCTTCCTGCTCCTGGTG
ATGGGGCTAGAAGCACTGGTGCCCCTGGCCGTGATAGTGGCCATCTTCCTGCTCCTGGTG
ATGGGGCTAGAAGCACTGGTGCCCCTGGCCGTGATAGTGGCCATCTTCCTGCTCCTGGTG

GACCTGATGCACCGGCGCCAACGCTGGGCTGCACGCTACCCACCAGGCCCCCTGCCACTG  120
GACCTGATGCACCGGCGCCAACGCTGGGCTGCACGCTACTCACCAGGCCCCCTGCCACTG
GACCTGATGCACCGGCGC-----------------------------------------------------------------------------------------------------
GACCTGATGCACCGGCGCCAACGCTGGGCTGCACGCTACTCACCAGGCCCCCTGCCACTG
GACCTGATGCACCGGCGCCAACGCTGGGCTGCACGCTACTCACCAGGCCCCCTGCCACTG

CCCGGGCTGGGCAACCTGCTGCATGTGGACTTCCAGAACACACCATACTGCTTCGACCAG!  180
CCCGGGCTGGGCAACCTGCTGCATGTGGACTTCCAGAACACACCATACTGCTTCGACCAG!
-------------------------------------------------------------------------------------------------------------------------------------------------!
CCCGGGCTGGGCAACCTGCTGCATGTGGACTTCCAGAACACACCATACTGCTTC---------------!
CCCGGGCTGGGCAACCTGCTGCATGTGGACTTCCAGAACACACCATACTGCTTCGACCAG!

Exon 2
TTGCGGCGCCGCTTCGGGGACGTGTTCAGCCTGCAGCTGGCCTGGACGCCGGTGGTCGTG  240
TTGCGGCGCCGCTTCGGGGACGTGTTCAGCCTGCAGCTGGCCTGGACGCCGGTGGTCGTG
TTGCGGCGCCGCTTCGGGGACGTGTTCAGCCTGCAGCTGGCCTGGACGCCGGTGGTCGTG
-------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------

CTCAATGGGCTGGCGGCCGTGCGCGAGGCGCTGGTGACCCACGGCGAGGACACCGCCGAC  300
CTCAATGGGCTGGCGGCCGTGCGCGAGGCGATGGTGACCCGCGGCGAGGACACGGCCGAC
-----------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------
CTCAATGGGCTGGCGGCCGTGCGCGAGGCGCTGGTGACCCACGGCGAGGACACCGCCGAC

CGCCCGCCTGTGCCCATCACCCAGATCCTGGGTTTCGGGCCGCGTTCCCAAG!GGGTGTTC  360
CGCCCGCCTGCGCCCATCTACCAGGTCCTGGGCTTCGGGCCGCGTTCCCAAG!GGGTGATC
-----------------------------------------------------------------------------------------------------------------------------!-------------------
-----------------------------------------------------------------------------------------------------------------------------!-------------------
CGCCCGCCTGTGCCCATCACCCAGATCCTGGGTTTTGGGCCGCGTTCCCAAG!-------------------

Exon 3
CTGGCGCGCTATGGGCCCGCGTGGCGCGAGCAGAGGCGCTTCTCCGTGTCCACCTTGCGC  420
CTGTCGCGCTATGGGCCCGCGTGGCGCGAGCAGAGGCGCTTCTCCGTGTCCACCTTGCGC
-------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------

AACTTGGGCCTGGGCAAGAAGTCGCTGGAGCAGTGGGTGACCGAGGAGGCCGCCTGCCTT  480
AACTTGGGCCTGGGCAAGAAGTCGCTGGAGCAGTGGGTGACCGAGGAGGCCGCCTGCCTT
----------------------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------------------------------------------

TGTGCCGCCTTCGCCAACCACTCCG!GACGCCCCTTTCGCCCCAACGGTCTCTTGGACAAA  540
TGTGCCGCCTTCGCCGACCAAGCCG!GACGCCCCTTTCGCCCCAACGGTCTCTTGGACAAA
------------------------------------------------------------!------------------------------------------------------------------------------------
------------------------------------------------------------!------------------------------------------------------------------------------------
--------------------------------------------------------!GACGCCCCTTTCGCCCCAACGGTCTCTTGGACAAA

Exon 4
GCCGTGAGCAACGTGATCGCCTCCCTCACCTGCGGGCGCCGCTTCGAGTACGACGACCCT  600
GCCGTGAGCAACGTGATCGCCTCCCTCACCTGCGGGCGCCGCTTCGAGTACGACGACCCT
-----------------CAACGTGATCGCCTCCCTCACCTGCGGGCGCCGCTTCGAGTACGACGACCCT
-------------------------------------------------------------------------------------------------------GAGTACGACGACCCT
GCCGTGAGCAACGTGATCGCCTCCCTCACCTGCGGGCGCCGCTTCGAGTACGACGACCCT

CYP2D6 4R  Primer      3’-CTTCCTCCTCAGCCCGAAAGACG-5’
CGCTTCCTCAGGCTGCTGGACCTAGCTCAGG-AGGGACTGAAGGAGGAGTCGGGCTTTCTG  660
CGCTTCCTCAGGCTGCTGGACCTAGCTCAGGGAGGGATCGAAGGAGGAGTCGGGCTTCCTG
CGCTTCCTCAGGCTGCTGGGCCTAGCTCAGG-AGGGACTGAAGGAGGAGTCGGGCTTTCTG
CGCTTCCTCAGGCTGCTGGACCTAGCTCAGG-AGGGACTGAAGGAGGAGTCGGGCTTTCTG
CGCTTCCTCAGGCTGCTGGACCTAGCTCAGG-AGGGACTGAAGGAGGAGTCGGGCTTTCTG

CGCGAG!GTGCTGAATGCTGTCCCCGTCCTCCTGCATATCCCAGCGCTGGCTGGCAAGGTC  720
CGCGAG!GTGCTGAATGCTGTCCCCGTCCTCCCGCACATCCCAGCGCTGGCTGGCAAGGTC
CGCGAG!GTGCTGAATGCTGTCCCCGTCCTCCTGCATATCCCAGCGCTGGCTTGCAAGGTC
C//
C//

Figure 5  Comparison of sequences of CYP2D6 cDNA, CYP2D7 BP and 3 new CYP2D6 alternative splicing variants, f, g, h. The
different bases compared with wild type CYP2D6 are indicated in boldface and “_”, and the border of exons is indicated by ‘!’. The
skipped parts are indicated by ‘-’.

       The cDNA obtained was then inserted into pGEM-T vector
and sequenced. Compared with human wild type CYP2D6
cDNA sequence reported by Kimura et al.[19] (GenBank accession
no.M33388), there were 470 nucleotides from 84 to 553, i.e., the
3’ end portion 97 bp of exon 1 (180 bp), exon2, exon 3, and the
5’ end portion 48 bp of exon 4 (161 bp) were skipped in the

cDNA shorter in length (Figures 2, 5). Substitution, insertion
and deletion occurred in 13 base pairs, i.e. 620A G, 712G T,
1196T G, 1401T G, 1405C G, 1408A G, 1410T C, 1432C

T, 1433A C, 1435G C, 1400 insG, 1442T C, 1443T A,
1449C del, 1457G C. This cDNA had a premature stop codon
at codon 96 and was named variant f.
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RT-PCR analysis of transcripts of CYP2D6 exons 1 to 4 in 17
liver extratumoral tissues and HepG2 cells, two more new
alternative splicing variants were identified by sequencing
In 17 liver tissues, 4 samples expressed both wild type and
skipped mRNA, 5 samples expressed only wild-type mRNA,
and 8 samples expressed only skipped mRNA. Representative
electrophoresis of RT-PCR products of exons 1 to 4 of CYP2D6
from human extratumoral liver tissues and HepG2 cells with
beta-actin as internal control are shown in Figure 3.
      The sequencing data of RT-PCR products demonstrated
that the second variant lost 411 nucleotides (137 amino acid
residues) from 177 to 587, i.e., the 3’ end portion 4 bp of exon 1
(180 bp), exon 2, exon 3, and the 5’ end portion 83 bp of exon 4
(161 bp) and gained a base substitution 100 C T, resulting in
one amino acid exchange P34S, as compared with the human
wild type CYP2D6 cDNA sequence reported by Kimura et al.[19]

(GenBank accession no.M33388) (Figure 4A, 5). This variant
was identified in 4 different extratumoral liver tissues by
sequencing RT-PCR products and was named variant g.
      The third variant had skipped exon 3, losing 153 bp from
nucleotides 353 to 505 or 51 amino acid residues from 117 to 167,
and had 2 base substitutions 100 C T and 336 T C, resulting
in one changed amino acid P34S and a samesense mutation 112F,
respectively. This variant was named variant h ( Figure 4B, 5).

Figure 6  Electrophoresis of PCR products from genomic DNA
amplified using CYP2D6 F and CYP2D6 4R primers. Lane 1:
λ/EcoR I and Hind III marker, lanes 2-4: PCR products from
livers expressing full and short length RT-PCR products, Lanes
5, 6: PCR products from livers expressing full length RT-PCR
products, Lanes 7, 8: PCR products from livers expressing
only short length RT-PCR products.

No mutation events around splicing sites of exon 1 and exon 4
nor gene deletion from exon 1 to exon 4 of CYP2D6 gene
The segment of CYP2D6 gene at exons 1 to 4 was amplified with
CYP2D6 F and CYP2D6 4R primers by PCR. All amplified products
from 8 samples gave anticipated 2.04 kb in length but no 0.3 kb
PCR products as predicted from the possibility that the shorter
cDNA was originated from deleted mutations in CYP2D6 gene
rather than due to alternative splicing (Figure 6). Two PCR products
from extratumoral liver tissues expressed only skipped exon were
purified and partially sequenced. One showed 3 mutations, i.e.,
1719 (nt 100) C T in exon 1, resulting in P34S, 3280 (nt 408) G C
in exon 3, and samesense mutations 136 V, 3056 G C in intron 2.
Another one showed 3 mutations, i.e., 1719 (nt 100) C T in exon 1,
resulting in P34S, 1958 T C in intron 1, and 3056 G C in intron 2.

DISCUSSION
The mechanism of exon missed in cDNA may include gene deletion,
alternative splicing, template sequence recombination present
in PCR amplification[20-22], and retroviral recombination[23-25].
One or several exons missed entirely could ascribe to alternative
splicing. The first mechanism of formation of recombinant
molecules during PCR is mediated by premature termination of
chain synthesis. Therefore, a short extension time or increased

dissociation of polymerases from the template may promote
recombination. The optimum values to minimize recombinant
molecule formation could prolong the extension time and could
be achieved using 30 or 34 amplification cycles respectively.
The second mechanism is template switching, it implicates that
a fragment elongating on one template, can continue this
elongation on another homologous template. The high template
concentrations could facilitate template switching and de novo
synthesize recombinant molecules. We performed PCR with
lower template concentrations, 1 min/kb extension, and 32 to 35
amplification cycles to minimize the PCR recombination. During
synthesis of the first DNA strand, reverse transcriptase could
switch templates from one to other copy of RNA, a phenomenon
known as copy-choice. The term ‘template switching’ implies that
the nascent DNA strand is transferred from one RNA (the ‘donor’)
to the other (the ‘acceptor’). This process depends on a ribonuclease
(RNase H) activity, carried by reverse transcriptase, which could
degrade the RNA template once it has been copied[26]. The RNA
recombination is a very rare event. In this study, MMLV without
RNase H activity was used and skipped mRNA was found in 12
out of 17 liver tissues by RT-PCR assay. Variant g was identified in
4 different extratumoral liver tissues by sequencing RT-PCR
products. These facts indicated that the exon missed variant g
did not come from PCR recombination or retroviral recombination.
PCR amplification and sequencing identification of exon 1 to
exon 4 of CYP2D6 gene from genomic DNA indicated that the
exon missed variant g came from neither gene mutation around
splicing sites of exon 1 and exon 4 nor gene deletion.
        Burset et al.[27] analyzed canonical and non-canonical splice
sites in mammalian genomes, and found that 99.24% contained
canonical dinucleotides GT and AG for donor and acceptor
sites, respectively, 0.69% contained GC-AG, 0.05% contained
AT-AC and only 0.02% contained other types of non-canonical
splice sites. Some non-canonical splice sites seemed to be
involved in immunoglobulin gene expression and the others in
alternative splicing events.
     CYP2D6 gene has 9 exons and 8 introns. All alternative
splicing CYP2D reported are located in exon 6 to exon 7. No
alternative splicing in exon 1 to exon 4 has been reported. We
identified 3 new alternative splicing CYP2D6 cDNA in exon 1
to exon 4 in human extratumoral liver tisssues. The skipped
mRNA was not an unusually phenomenon, for 12 samples
expressed skipped mRNA in 17 human liver tissue, whereas 9
samples expressed wild-type mRNA in this study.
       We cloned a cDNA variant of human CYP2D6, the variant
f with some exons skipped. The five nt 5’-CAACG-3’, located
at the boundary of partially skipped exons 1 and 4 (Figure 6). It
looked as the 3’ end portion of skipped exon 1 or the 5’ end portion
of exon 4. If we looked it as the 3’ end portion of the skipped
exon 1, then the splicing donor and acceptor sites would be
CT-CG, which were not found as splice site pairs[27]. If we looked
it as the 5’ end portion of exon 4, then there would be 470
nucleotides from 79 to 548, i.e., the 3’ end portion 102 bp of
exon 1 (180 bp), exon 2, exon 3, and the 5’ end portion 43 bp of
exon 4 (161 bp) were skipped. The splicing donor and acceptor
sites would be the non-canonical splice sites: CA-AG[27].
       CYP2D gene exists in a number of structurally polymorphic
haplotypes and also comprises several variants of CYP2D7P
and CYP2D8P pseudogenes. CYP2D6 is highly homologous
to CYP2D7 and CYP2D8 pseudogenes. The characteristic base
substitution, insertion and deletion of the variant f from 1401 to
1 457 in exon 9 indicated that this exon was derived from
CYP2D7BP[28] (GenBank accession no.X58468). So this cDNA
clone may be transcripted from CYP2D6*36 (Trivial name:
CYP2D6Ch2 or CYP2D6*10C) gene, which has gene conversion
to CYP2D7 in exon 9[29]. Johansson et al.[29] using allele-specific
polymerase chain reaction analysis of genomic DNA from 90
Chinese individuals revealed that CYP2D6*10 (CYP2D6Ch1)
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allele was the most common one, CYP2D6*36 was not a common
allele[30] and so we got an alternative splicing variant from this
allele only once.
       Another alternative splicing CYP2D6 cDNA, variant g, has
7 bp 5’-GCTTCGA-3’, which locates at the boundary of partially
skipped exons 1 and 4 (Figure 6). It can be regarded as the 3’
end portion of skipped exon 1 or the 5’ end portion of exon 4.
The splicing donor and acceptor sites would be CC-GA or GC-
CC which have not been found as splice site pairs[27]. If we
regarded it as the skipped nucleotides from 175 to 585, then 411
nucleotides (137 amino acid residues), i.e., the 3’ end portion 6 bp
of exon 1 (180 bp), exon 2, exon 3, and the 5’ end portion 81 bp of
exon 4 (161 bp) were skipped. The splicing donor and acceptor
sites would be the non-canonical splice sites: GA-TC[27]. As this
variant has been identified in 4 different liver tissues by RT-PCR
products sequencing, it could not be the RT-PCR artificial ones.
      The third variant, variant h, having skipped the entire exon
3, would use the most common non-canonical GC-AG splice sites
(Figure 6). It has an amino acid change of P34S which is a common
polymorphism occurring in CYP2D6*4, 10, 14, 36, 37. This variant
might come from CYP2D6*10, the most common allele in Chinese.
      The cDNA sequence of CYP2D6 is differed from that of
CYP2D7P at nucleotides 629 to 639, CYP2D6[19] was AGG
AGGGACTG whereas CYP2D7P[28] was AGGGAGGGATCG
(Figure 6). All sequencing data of the alternative splicing cDNA
and PCR products originated from related genomic DNA
showed the characteristics of CYP2D6, so they were all derived
from CYP2D6 but not from CYP2D7P.
      Variant f has premature stop codon at codon 96, which would
cause loss of its enzyme activity. According to the homology
modeling study of human CYP2 family enzyme reported by
Lewis[31], the substrate could recognize site (SRS) 1 of human
CYP2D6 located between amino acid residues 101 and 123
and the SRS2 located between amino acid residues 204 to 215.
Variant g which lost 137 amino acid residues from 58 to 194,
would lose SRS1, and might not have CYP2D6 activity. Variant
h having skipped the entire exon 3, would lose 51 amino acid
residues from 117 to 167, where part of SRS1 located. It might
not have CYP2D6 activity.
     All 3 CYP2D6 splice variants might not have CYP2D6
function. But the possibility of the expression of proteins with
novel function(s) could not be excluded. The splice variants
might have a role in the posttranscriptional down-regulation of
the expression of CYP2D6. Formation of variant mRNAs at the
expense of full-length mRNAs would ultimately result in a
diminished expression of CYP2D6 protein.
       Three new CYP2D6 pre-mRNA alternative splicing variants
in human extratumoral liver tissues have been identified. Futher
work is needed to clarify if they are commonly existed in liver
tissue or only in extratumoral liver tissue, and their relation
with hepatocellular carcinoma as well.
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Abstract

AIM: To investigate the antiangiogenic effects of endostatin
on colonic carcinoma cell line implanted in nude mice and
its mechanism.

METHODS: Nude mice underwent subcutaneous injection
with LS-174t colonic carcinoma cell line to generate carcinoma
and were randomly separated into two groups. Mice received
injection of vehicle or endostatin every day for two weeks.
After the tumor was harvested, the tumor volumes were
determined, and the expressions of CD34, VEGF and Flk-1
were examined by immunohistochemical method.

RESULTS: Tumor volume was significantly inhibited in the
endostatin group (84.17%) and tumor weight was
significantly inhibited in the endostatin group (0.197±0.049)
compared to the control group (1.198±0.105) (F = 22.56,
P = 0.001), microvessel density (MVD) was significantly
decreased in the treated group (31.857±3.515) compared
to the control group (100.143±4.290) (F = 151.62, P<0.001).
Furthermore, the expression of Flk-1 was significantly
inhibited in the treated group (34.29%) compared to the
control group (8.57%) (χ2 = 13.745, P = 0.001). However
no significant decrease was observed in the expression of
vascular endothelial growth factor (VEGF) between these
two groups (χ2 = 0.119,P = 0.730).

CONCLUSION: Endostatin can inhibit tumor growth and
angiogenesis by blocking Vegf/Flk-1 pathway. This experiment
provides the theory basis for developing a new anti-carcinoma
drug through studying the properties of anti-angiogenesis
inhibitors.
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INTRODUCTION
Angiogenesis is the process of sprouting of capillaries form

preexisting blood vessels. The overall process is a complex
one that involves many biological functions and cell types.
Previous researches since 1970s have demonstrated that tumor
angiogenesis is required for the growth and metastasis of
primary solid tumor. Endothelial cell activation, migration, and
proliferation are major cellular events in this process. All of
these processes are under the tight regulation of factors that
either “promote” or “inhibit” angiogenesis. When the balance
of these factors is disturbed, angiogenic factors can be released
from tumor cells, such as vascular endothelial growth factor
(VEGF)[1] and basic fibroblast growth factor (bFGF), and migrate
to the nearby blood vessel endothelia, signal the activation of the
angiogenic response. Tumor cells also produce anti-angiogenic
factors including angiostatin, endostatin. Administration of
endostatin in tumor-bear mice has been shown to keep the
primary tumor in a dormant state[2]. But the mechanisms are still
unclear. One mechanism is that endostatin incombination with
the endothelial cells to form a compound with tyrosine activity
and thereby inducing apoptosis of endothelial cells. The other
is that endostatin functions as a ligand for the integrin family
of adhesion receptors on the surface of endothelial cells and is
associated with MMP family[3]. So, in order to explore the
mechanism of endostatin, we provided data that endostatin
showed a broad antitumor effect, which might be a result of its
inhibitory mechanism on tumor angiogenesis.

MATERIALS AND METHODS
Materials
Endostatin donated from Hefei Sunny Biology-technology
Institute, was a 20 ku C-terminal fragment of collagen X VIII.
Human endostatin was cloned and expressed in Escherichia coli
and purified by gene cloning technology by Gene Med Ltd.
       Colon cancer cell line HL-174T was purchased from Shanghai
Cellular Research Institute. The cells were cultured in 1640
medium supplemented with 100 mL/L fetal bovine serum at 37 
in 50 mL/L CO2 and the culture media were changed twice a
week and observed in the invert microscope to assay the
reproduction situation. All reagents and media for cell culture
were obtained from GIBCO.

Methods
Subcutaneous xenograft models  Tumor cells were implanted
(0.5×106 cells/animal) subcutaneously using a 27-gauge needle
in the back region of BALB/C-nu/nu female mice of 6-8 wk old.
Tumor volume was measured every 3 d using a slide gaug.
Tumor volumes were measured as the product of (length×width)
× /6. Mice were fed with a standard rodent diet for two weeks,
and 14 of 20 mice with a similar tumor volume were selected and
divided into two groups randomly. Animals of each group were
treated once daily with a 0.1mL (2 mg/mL) ip bolus injection of
endostatin in saline or saline alone for 14 d. Upon termination
of the efficacy portion of endostatin (3 d after drug withdrawal),
the animals were euthanized, and the tumor was harvested from
the animals and the volume was weighted. The tumors were
submitted for immunohistochemical test.



Evaluation of MVD, VEGF and VEGFR/flk-1 expression in
tumors  Five-µm paraffin embedded sections of the tumors
were evaluated by immunohistochemistry. The sections were
stained with anti- CD34 antibody (DAKO, 1:2 000) and polyclonal
anti-VEGF antibody and polyclonal anti-Flk-1 antibody that
could recognize VEGF isoforms and their receptors, following
avidin-biotin complex methods.
     Microvessel density was assessed by light microscopy in
areas of invasive tumors containing the highest number of
capillaries and small venules per area (neovascular “hot point”).
Areas of the highest neovascularization were found by scanning
the tumor sections at a low magnification (×100) and identified
with the greatest number of distinct CD34 stained (brown)
microvessels per area. Necrotic areas within tumors, where
microvessels were sparse, were not included in the vessel
counts. After the area of the highest neovascularization was
identified, individual microvessels were counted under ×400
field. A brown-stained endothelial cell or a endothelial cell cluster
clearly separated from adjacent microvessels, tumor cells, and
other connective-tissue elements, considered a single, countable
microvessel. Vessel lumens were not necessary for a structure
to be defined as a microvessel, and red cells were not used to
define a vessel lumen. Results were expressed as the number of
microvessels identified within 10 fields (×400).
       VEGF was assessed by light microscopy (×100) in the areas
of invasive tumor cells. VEGF expression was determined on
adjacent serial visual fields and scored by a pathologic doctor.
The number of positively and negatively stained cells was
counted in 10 continuous visual fields. If more than 5% cells
were brown stained, they were considered as positive, otherwise
negative. The results were expressed as mean±SD.
       Flk-1 was assessed by light microscopy (×400) in the areas
of microvessel endothelial cells. The number of endothelial
cells stained positively was counted in 10 continuous visual fields.
Over 5% positively stained endothelial cells were determined as
positive and else negative. The results were expressed as
mean±SD.

Statistics
The analysis of variance test was used to compare the differences
in tumor weight and MVD between the treated and control
groups. The Chi-squared test was used to compare the differences
in the expression of VEGF or VEGFR2/Flk-1 between the treated
and control groups. The difference was considered statistically
significant if the P value was less than 0.05. All the data were
analyzed with SAS 6.22 by the statistical office of the Second
Military Medical University.

RESULTS
Inhibition of tumor growth by endostatin
To determine the efficacy of endostatin on tumor growth, the
volume of tumors were measured every three days after
endostatin was used and tumors were weighed immediately
after they were harvested. The tumor growth in the mice treated
with endostatin was inhibited by 84.17% in volume. The growth
of the tumors was stopped 3-5 d after using endostatin except
two of them. The growth of primary colon tumor was significantly
inhibited by endostatin (Figure 1). The tumor weight of the
treated group was significantly less than that of the control
group (F = 22.56; P = 0.0005) (Table 1).

Effects of endostatin on angiogenesis in primary tumors
Immunohistochemical analysis showed a significant inhibition
of angiogenesis in the tumors treated with endostatin (P<0.05)
(Table 1). The MVD of tumors was significantly different
(F = 151.62, P = 0.001) between the two groups, the treated
group had a significant lower MVD.

Figure 1  Changes in volume of tumors transplanted in dorsal
skinfold chambers in nude mice.

Table 1  Reduction in tumor mass and MVD after endostatin
treatment (mean±SD)

Control  Endostatin        F              P

Mass           1.198±0.105  0.197±0.049    22.56    aP = 0.0005
MVD       100.143±4.290 31.857±3.515  151.62    bP = 0.0001

aP = Mass difference between Control group and Endostatin
group, bP = MVD difference between Control group and
Endostatin group.

Table 2  Expression of VEGF and VEGFR2/Flk-1 in tumor
after Endostatin treatment

         Positive Negative         χ2                  P

Control-VEGF (1) 65  5       (1) vs (2)     0.119         0.730
Endostatin-VEGF (2) 66  4
Control-Flk-1 (3) 64  6       (3) vs (4)    13.745  aP = 0.001
Endostatin- Flk-1 (4) 46        24

aP = Flk-1 difference between Control group and Endostatin
group.

Selectivity and potency of endostatin on VEGF and Flk-1
Immunohistochemical analysis showed that endostatin had a
potent inhibition on Flk-1 expression (χ2 = 13.745, P = 0.001) but
no inhibition on VEGF expression in tumor cells (Table 2). There
was a significant difference in the tumors of treated mice and
control mice after staining of endothelial cells with Flk-1
monoclonal antibody (Table 2) but no difference in the tumor
tissue stained with VEGF between the two groups (Table 2).

DISCUSSION
Angiogenesis is a fundamental process by which new blood
vessels are formed. It is essential in reproduction, development,
and wound repair. Under these conditions, angiogenesis is
highly regulated, turned on for brief periods and then completely
inhibited. However some diseases are driven by persistently
unregulated angiogenesis. Tumor growth is one of these kinds
of diseases. Tumor growth and metastasis are angiogenesis-
dependent. A tumor must continuously stimulate the growth of
new capillary blood vessels for the tumor itself to grow. MVD
was significantly high in colon cancer tissues compared with
normal colon tissues[4]. Tumor cells get oxygen and nutrition
through angiogenesis. The Phenomena were also observed in
other cancers, for example, breast carcinoma[5] lung cancer[6]

prostate cancer[7] and pancreatic tumor[8], etc.
        Endostatin, a 20-kD C-terminal cleavage product of collagen
XVIII, was originally identified by O’Reilly et al.[2] as a tumor-
derived, highly active, and endothelial specific angiogenic
inhibitor[9]. Recombinant endostatin has been shown to inhibit
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the growth of a wide variety of tumors in mice, with no toxic
side effects observed. Importantly, tumors treated with several
cycles of endostatin did not develop drug resistance and
become dormant, which persisted even when the endostatin
therapy was discontinued[10]. In our experiment, we found that
the tumor growth slowed down or even stopped three days
after usage of endostatin, but when the treatment was stopped
the tumor began to grow rapidly. So endostatin must be used
continuously to prevent tumor growth. It is difficult for the
patients to accept the treatment in their whole lifetime, so further
research is necessary for the usage of endostatin. At present,
the molecular mechanism of endostatin action remains unknown.
There are some theories which are supported by various studies.
     Our results showed that endostatin blocked the VEGF-
VEGFR/Flk-1 pathway to inhibit the angiogenesis of colon tumor
in nude mice. VEGF pathway is the only well-defined signaling
pathway known to be required for the normal development of
vasculature as well as for the pathologic angiogenesis that
accompanies cancer and other disease states[1,11,12]. The VEGF
family of growth factors comprises at least five members, i.e.,
VEGF, placenta growth factor (PGF) , VEGF-B , VEGF-C[13], and
VEGF-D. The VEGF pathway is initiated when VEGF binds to
its receptors in endothelial cells. The three best characterized
VEGF receptors are termed VEGF receptor 1 (VEGFR1/Flt-1) and
VEGF receptor 2 (VEGFR2/Flk-1/KDR) and VEGF receptor 3
(VEGFR3/Flk-4). VEGFR1 and VEGFR2 are highly related
transmembrane tyrosine kinases that use their ectodomains to
bind to VEGF[14,15]. These binding in turn, activate the intrinsic
tyrosine kinase activity of their cytodomains, initiating intracellular
signaling. VEGFR3 is expressed almost exclusively by the
lymphatic endothelium, thus being considered as a major
regulator of lymphangiogenesis[16]. The blockade of VEGF by
using a soluble VEGFR-3 extracellular domain could inhibit tumor
lymphangiogenesis[17]. While PIGF could bind selectively to
VEGFR1, VEGF-C and VEGF-D could bind to both VEGFR3[18,19]

and VEGFR2. The corresponding receptor(s) for VEGF-B is
VEGFR1. VEGF/VEGFR2 pathway is the most important for
tumor angiogenesis, growth and metastasis. In our studies, we
found VEGFR2 was obviously down-regulated in the endostatin
group compared to the control group, but the expression of
VEGF was not changed in both groups. So we think that
endostatin can block the VEGF/VEGFR2 pathway by binding
to VEGFR2, thus inhibiting the neovascularization.
       Endostatin could function as a ligand for the integrin family
of adhesion receptors on the surface of endothelial cells[20].
Integrins are potential targets for endostatin function and they
are important in endothelial cell biology and angiogenesis. The
endostatin-integrin interaction is of functional significance
in vitro, and the immobilized endostatin supports endothelial
cell survival and migration in an integrin-dependent manner.
Soluble endostatin in turn could inhibit integrin-dependent
endothelial cell functions, such as cell migration[20].
        Matrix metalloproteinases (MMPs), a family of extracellular
and membrane-associated endopeptidases, collectively digest
almost all extracellular matrix and basement membrane
components, thus playing an important role in tumor progression.
Endostatin could prevent the fragmentation of pro-MMP-2 that
is associated with reduction of catalytic activity. Endostatin
had no effect on MMP-8 as shown by collagenase activity
assays[3]. Endostatin could block the activation and activities
of certain tumor-associated pro-MMPs, such as pro-MMP-2, -9,
and -13, which may explain at least in part, the antitumor effect
of endostatin[3,21].
       Inhibition of angiogenesis has been shown to be an effective
strategy in cancer therapy in mice. However, its widespread
application has been hampered by difficulties in the large-scale
production of antiangiogenic proteins. This limitation may be
resolved by in vivo delivery and expression of antiangiogenic

genes. A recombinant adenovirus that could expresses murine
endostatin that was biologically active in vitro as determined
in endothelial cell proliferation assays, and in vivo by
suppression of angiogenesis induced by VEGF has been
constructed[22]. Persistent high serum levels of endostatin were
achieved after systemic administration of the vector to nude
mice, which resulted in a significant reduction of the growth
rates and the volumes of metastatic brain tumor[23]. If the method
can be used safely in clinic, it can effectively resolve the
recurrence and overgrowth of tumors during the rest periods.
Different targets have been found and effective results were
achieved in gene therapy. An adenoviral vector carrying Tie2
gene, an endostatin-specific receptor tyrosine kinase, was
constructed and tested in established primary tumor, a murine
mammary carcinoma or a murine melanoma, which could
significantly inhibit the growth rate of both murine mammary
carcinoma and melanoma by 64% and 47%, respectively. So
the potential of vector-mediated antiangiogenic gene therapy
as a component is a very novel and effective strategy in cancer
therapy[24,25].
      Synergy between endostatin and chemotherapy[26] can be
used to eradicate spontaneous tumor and metastases of colon
cancer or other angiogenesis dependent diseases. Tumor necrosis
was demonstrated only in animals receiving the combination
therapy, but not when each agent was applied as monotherapy.
The results suggested that these synergistic treatment modalities
might provide a novel and effective tool for future therapies of
metastatic cancer. Synergy between endostatin and interventional
therapy is another way to inhibit the neovascularization.
Endostatin can be sent directly to the microvessels around the
tumor and destroy the tunica intima of vessels to starve the
tumor to death. Other strategies also were used to block the
VEGF/VEGFR pathway to inhibit the tumor growth. VEGF-trap
is a potent blocker against the angiogenesis of the tumor and
could result in stunted and almost completely avascular tumors.
VEGF-Trap-mediated blockade may be a hopeful way for tumor
treatment[27]. More and more attention has been paid to the
effectiveness and carrier and medication methods are paid more
and more attention throughout the world. Endostatin may provide
a novel and effective tool for future therapies of cancer[28,29].
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Abstract

AIM: To characterize the protein files in blood from same
patients with esophageal squamous cell carcinoma (ESCC)
before and after operation at the high-incidence area for ESCC
in Henan Province, China.

METHODS: Two-dimensional electrophoresis, silver staining
and ImageMaster 2-DE analysis software were applied to
the determination of protein files in the blood obtained from
normal controls and ESCC patients before and after operation.

RESULTS: A total of 655, 662 and 677 protein spots were
identified, respectively, from the normal controls and ESCC
patients before and after operation. No significant difference in
the number of protein spots was observed between the normal
group and ESCC patients. A total of seven protein spots
were identified with a dramatic difference among the samples
before and after operation. Six protein spots were up-regulated
and one protein spot was down-regulated in the group
after operation compared with those in normal and before
operation. Three protein spots were further characterized
by matrix-assisted laser desorption/ionization time of flying
mass spectrometry (MALDI-TOF-MS). The proteins from
these three spots were identified as serum amyloid A
(SAA), amyloid related serum protein and haptoglobin.

CONCLUSION: Serum amyloid A, amyloid related serum
protein and haptoglobin may be related with ESCC and/or
surgery. The significance of these proteins needs to be further
characterized. The present study provides informative data for
the establishment of serum protein profiles related with ESCC.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one of the six
most common malignant diseases in the world with a remarkable
geographical distribution. The ratio between the high- and low-
incidence areas could be as high as 500:1. The prognosis of ESCC
is very poor, the five-year survival rate is only about 10% for
the patients at late or advanced stage. China is a country with
the highest incidence and mortality rate of ESCC in the world.
There are about 300 000 new ESCC patients identified all over
the world each year, half of them occur in China. Linzhou City
(formerly Linxian County) and its neighbouring counties in Henan
Province have been well-recognized as the highest incidence
area in the world, the average incidence ratio of males and
females is 161 and 103 per 100 000, respectively[1]. ESCC remains
the leading cause of cancer related-deaths in these areas.
Unclear molecular mechanism, and lacking of sensitive and
specific biomarkers for early diagnosis may be the reasons for
the unchanged ESCC incidence pattern[2].
      Many studies have been focused on gene level for early
diagnosis of ESCC. However, because alterations in DNA and
RNA may or may not induce similar protein changes, genetic
changes could not reflect the stage and progression of the disease
directly and objectively[3]. Proteomics based on two-dimensional
electrophoresis and mass spectrometry is a new method for
identification of cancer-specific protein markers[4]. In this study,
we analyzed the serum protein changes in ESCC patients before
and after operation and compared them with normal controls by
proteomic methods to find the specific ESCC-related proteins.

MATERIALS AND METHODS
Blood samples
Blood samples were collected from ESCC patients in Yaocun
Esophageal Cancer Hospital of Linzhou, Henan Province. Of
the ESCC patients, there were 4 males and 2 females with an
average age of 63 years (range, 52-74 years). All the blood samples
were collected two times from each patient, just before and one
week after the operation. The control blood samples (10 mL/subject)
were collected in our laboratory from the normal people with
matched ages as the patients. There were not any abnormalities
identified by physical and biochemical examinations in
volunteers of the control group.

Reagents
Electrophoresis reagents, including 400 g/L acrylamide solution,
N, N-methylenebisacryl amide, N, N, N’, N’-tetramethylethylen-
ediamine, urea, tris-base, glycine, glycerol, 3-[(3-cholannidopropyl)
-dimethylammonio]-1-propanesulfonate (CHAPS), sodium
dodecyl sulfate (SDS), dithiothreitol (DTT), ammonium persulfate,
bromophenol blue, immobiline drystrips, immobilized pH
gradient buffer and silver nitrate were from Amersham Pharmacia
Biotechnology Inc. (Uppsala, Sweden). Iodoacetamide was from
Acros (New Jersey, USA), sequence grade trypsin was from
Washington Biochemical Corporation and trifluoroacetic acid
(TFA) was from Fluka (Switzerland). All other reagents were of
analytical grade.



Serum concentration detection
Serum samples were thawed and diluted by dH2O as 1:5 (2 µL
serum was added to 8 µL dH2O), 1:10 (2 µL diluent was added
to 18 µL dH2O), 1:200 (4 µL diluent was added to 796 µL dH2O)
respectively, up to 1:10 000 dilution and then 800 µL 1:10 000
diluent was added to 200 µL protein assay reagent and
absorbance was measured at 595 nm, finally the concentration
of protein in serum was calculated.

First dimensional electrophoresis (Isoelectric focusing, IEF)
Precast IPG strips (pH 3-10 linear, 18 cm, Amersham Pharmacia
Biotechnology Inc.) was used in the first dimension. A total
amount of 250 µg proteins was diluted to a total volume of 350 µL
with the buffer (8 mol/L urea, 20 g/L CHAPS, 5 g/L IPG buffer
3-10, 20 mol/L DTT and a trace of bromophenol blue). After being
loaded on IPG strips, IEF was carried out according to the following
protocol: rehydration for 6 h at 0 V, 10 h at 30 V, 1 h at 500 V, 1 h at
1 000 V and 7 h at 8 000 V. The current was limited to 50 µ A per gel.

Second dimensional electrophoresis (SDS-polyacrylamide gel
electrophoresis, SDS-PAGE)
After IEF separation, the strips were immediately equilibrated
for 2×15 min with equilibration solution (50 mmol/L Tris-HCl,
pH 6.8, 6 mol/L urea, 300 g/L glycerol and 20 g/L SDS). Then
20 mmol/L DTT was included in the first equilibration solution,
and 20 g/L iodoacetamide was added in the second equilibration
step to alkylate thiols. Thirteen percent SDS-PAGE gels were
handled to become 1 mm thick. The strips were held in place
with 5 g/L 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 h) and temperature (20 ) using
Ettan Dalt II system (Amersham Pharmacia Biotechnology Inc.).

Silver staining
Gels were stained with silver nitrate according to the instructions of
the silverstaining kit[5] (Amersham Pharmacia Biotechnology Inc.).

Gel scanning and image analysis
Protein profiles were obtained in normal controls and ESCC patients
before and after operation through correcting the background to
detect, match and quantify the spots by ImageMasterTM two-
dimensional Elite analysis software (Amersham Biosciences).

In-gel protein digestion
Individual protein spots were excised from the gel by Ettan
spot picker (Amersham Pharmacia Biotechnology Inc.), destained
with the solution (15 mmol/L potassium ferricyanide, 50 mmol/L
sodium thiosulfate) and washed till opaque and colorless with
25 mmol/L ammonium bicarbonate/500 g/L acetonitrile. After
being dried with vacuum concentrator (SpeedVac Plus, USA),
the gel was rehydrated with 3-10 µL of trypsin solution (10 ng/µL)
at 4  for 30 min, followed by incubation at 37  overnight. Tryptic
peptides were eluted and dried on SpeedVac vacuum concentrator.

Protein identification by MALDI mass spectrometry
The protein spots were analyzed by matrix-assisted laser
desorption/ionization time of flying mass spectrometry
(MALDI-TOF-MS) and SWISS-PROT database[6].

RESULTS
A total of 655, 662 and 677 protein spots were identified,
respectively, from the normal control and ESCC patients before
and after operation. No significant difference in number of protein
spots was observed between normal group and ESCC patients.
A total of seven protein spots were identified with a dramatic
difference among the samples before and after operation. Six protein

spots were up-regulated and one protein spot was down-regulated
in the group after operation compared with those in normal and
before operation. Of these six protein spots, three spots were
further characterized by MALDI-TOF-MS. The proteins from these
three spots were identified as serum amyloid A (SAA), amyloid
related serum protein and haptoglobin (Figures 1, 2).

DISCUSSION
In the present study, we found that serum amyloid A (SAA)
and its isoform amyloid related serum protein, and haptoglobin
were significantly increased after operation in ESCC patients
compared with those in normal and pre-operation by mass
spectrum. It indicated that these proteins might be related with
ESCC and/or surgery. Although the literatures have reported
that these acute-phase proteins are associated with tumors,
such as colon cancer, the changes of these proteins may be more
concerned with stress response, for example, the trauma by
operation. The significance for these proteins needs to be further
characterized. Although two-dimensional electrophoresis coupled
with mass spectrometry is a powerful tool for screening and
identification of cancer-specific protein markers, it costs time
and money. The present study provided informative data for
the establishment of serum protein profiles related with ESCC.
      SAA is an acute-phase protein existing as various isoforms in
a molecular mass range of 11-14. It is derived mainly from two genes,
SAA1 and SAA2[7], mapped at chromosome 11p15.4-15.1[8]. In
normal individuals, SAA is produced by hepatocytes in the
liver. After its production, it is secreted into serum and rapidly
binds to high-density lipoproteins, 90% of the protein particles
are bound to high-density lipoprotein. A review of the literature
showed that only a low level of SAA could be found in the sera
of healthy individuals[9], but during the acute-phase response,
its level in the blood could elevate 1 000-fold after various injuries,
including trauma, infection, inflammation and neoplasia[10,11].
       Recently, many studies have shown that high SAA protein
level is present in the serum of patients with disseminated cancer,
reflecting the extent of malignant diseases, and inversely correlated
with patient survival[12]. The mechanism is not clear. The mode
of involvement of SAA in metastatic processes has not been
elucidated. Several proposed functions for SAA proteins are
compatible with the mechanism of tumor cell invasion and
metastasis. These include inhibition of malignant cell attachment
to extracellular matrix (ECM) proteins[13,14], induction of the
expression of enzymes degrading the ECM[15] and induction of
adhesion, migration, and tissue infiltration of cells[16-18]. Moreover,
SAA contains functional arginine-glycine-aspartic acid (RGD) -
like and tyrosine-isoleucine-glycine-serine-arginine (YIGSR) -like
adhesion motifs[19], and the peptides containing these motifs could
inhibit tumor cell invasion, metastasis, and angiogenesis[20,21].
Cumulatively, these findings, together with our observation of
SAA alterations in blood after operation, imply that SAA may
play a role in one or more steps of tumor progression or regression.
      Glojnaric et al.[22] indicated that although the presence of
colorectal carcinoma caused an increase in serum levels of all
the acute phase reactants studied, SAA protein showed the most
powerful reaction in pre-operative disease stage, with the mean
value of 330 mg/L as compared to the normal values of <1.2 mg/L
obtained in 30 healthy adults. SAA protein concentration increased
to 487 mg/L after surgery and declined during the post-operative
clinical course until the sixth chemotherapy cycle, but never
returned to the normal range. In the later chemotherapy cycles,
the mean SAA protein increased to 163 mg/L, probably as a
result of the disease relapse. According to the statistical relations
among exact confidence intervals for proportions, SAA protein
showed the best specificity for colorectal carcinoma of all the
acute phase proteins studied (83-100%) and also a sensitivity
of 100%. They concluded that SAA protein seems to be a
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Figure 2  Representative of two-dimensional electrophoresis patterns of sera protein from the same esophageal squamous cell
carcinoma patient before (A) and after (B) operation and the normal subject (C) with different acidity from pH 3 to pH 10. A’, B’
and C’ are the magnification of A, B and C, respectively, for the sera protein with marked difference.

Figure 1  Representative of two-dimensional electrophoresis profiles and three-matched protein spots (arrows) analysis of the
sera from esophageal squamous cell carcinoma patients before (A) and after (B) operation with different acidity from pH 3 to pH 10.
Norm: normalization, Vol: volume, BkGnd: background, Eq: equality.

pH 3 pH 10 pH 3 pH 10

      Spot     Volume       Norm.     Vol+BkGnd     Peak Height   Area: Pixels      Background    Eq. Radius       Circularity
   Vol.         Pixels

Pre-operation        218     2 411.42   0.635         2 411.42          1.816        2 830 0         30.01 0.78
Post-operation        218     1 946.84   0.698         1 946.84          1.746        2 381 0         27.53 0.84
Pre-operation        184          24.89   0.010              27.44          0.110           681 0         14.72 0.37
Post-operation        184        462.77   0.127            478.60          0.593        1 810 0         24.00 0.84
Pre-operation        172          86.42   0.024  86.42          0.359           954 0         17.43 0.74
Post-operation        172          27.71   0.012  39.30          0.134           540 0         13.11 0.57

A B

reliable parameter, which could be recommended for clinical
routine as a non-specific tumor marker for colorectal carcinoma.
      Haptoglobin is an acute phase protein capable of binding
haemoglobin and may play a role in modulating many aspects
of the acute phase response[23]. The complex of haptoglobin
with haemoglobin is metabolized in the heptic reticuloendothelial
system[24]. Biosynthesis of haptoglobin occurs not only in the

liver, but also in adipose tissue and in lung, providing antioxidant
and antimicrobial activity[25]. Changes in the measured
concentrations of haptoglobin in serum may help to assess the
disease status of patients with inflammations, infections,
malignancy, etc[26]. Dynamic detection of haptoglobin in leukemia
patient plasmas showed that haptoglobin level increased
obviously in leukemia patients than that in normal persons and

pH 3 pH 10 pH 3 pH 10 pH 3 pH 10

A B C

A’ B’ C’



dropped gradually with the improvement of diseases.
      In conclusion, serum amyloid A, amyloid related serum
protein and haptoglobin may be related with ESCC. The
significance of these proteins needs to be further characterized.
The present study provides informative data for the establishment
of serum protein profiles related with ESCC.
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Abstract

AIM: To investigate the number, size, and status of lymph
nodes within the mesorectum and to explore the prognostic
significance of lymph node micrometastases in patients with
rectal cancer.

METHODS: Thirty-one patients with rectal cancer undergone
total mesorectal excision between October 2001 and October
2002 were included. Mesorectal nodes retrieved from the
resected specimens were detected with a combination of
haematoxylin and eosin (HE) staining and immunohistoch-
emistry (IHC). The relations between lymph node metastases,
micrometastases and postoperative recurrence were analyzed.

RESULTS: A total of 548 lymph nodes were harvested,
with 17.7±8.2 nodes per case. The average number of
metastatic nodes in HE-positive patients and micrometastatic
nodes in IHC-positive patients was 5.2±5.1 per case and
2.2±1.3 per case, respectively. The mean size of all nodes
and metastatic nodes was 4.1±1.8 mm and 5.2±1.7 mm in
diameter, respectively. The mean size of micrometastatic
nodes was 3.9±1.4 mm in diameter. The size of the majority
of mesorectal nodes (66.8%), metastatic nodes (52.6%), and
micrometastatic nodes (79.5%) was less than 5 mm in diameter.
During a median follow-up period of 24.6±4.7 mo, 5 patients
(16.7%) had recurrence, of them 2 died and 3 survived.
Another case died of tumor unrelated cause and was excluded.
All 5 recurrent cases had 3 or more nodes involved, and one
of them developed only lymph node micrometastases. The
mean number of both metastatic and micrometastatic nodes
per case differed significantly between the recurrent and
non-recurrent groups (P<0.01 and P = 0.01, respectively).

CONCLUSION: The majority of lymph nodes, metastatic,
and micrometastatic lymph nodes within the mesorectum
are smaller than 5 mm in diameter. The nodal status and
the number of lymph nodes involved with tumor metastases
and micrometastases are related to the rapid postoperative
recurrence.

Zheng YC, Tang YY, Zhou ZG, Li L, Wang TC, Deng YL,

Chen DY, Liu WP. Tumor micrometastases in mesorectal lymph
nodes and their clinical significance in patients with rectal
caner. World J Gastroenterol  2004; 10(22): 3369-3373
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INTRODUCTION
Lymph node involvement is one of the most important factors
in determining the prognosis of patients with rectal cancer[1-6].
Patients with lymph node involvement were found to suffer
from more advanced diseases according to the tumor-node-
metastasis (TNM) classification system[6], and up to 30% of them
eventually developed recurrences after a potentially curative
resection[7,8]. In contrast, some patients without positive lymph
nodes also had postoperative recurrences or developed metastatic
diseases, which were reported to be associated with lymph
node micrometastases missed by conventional pathological
examination[9-13].
      Lymph node spread of rectal cancer generally follows an
anatomical route from the proximity to distance along the main
supplying vessels of the rectum[14,15]. Lymph nodes contained
in the mesorectum are thereby the earliest and most frequent
ones that might be involved when tumor spread occurs[14-16].
Although reports have emphasized the importance of regional
lymph nodes in the prognosis of rectal cancer[1,2,17-21], few
studies available have investigated the number and size of lymph
nodes within the rectal mesentery[22,23]. The clinical significance
of mesorectal lymph node metastases and micrometastases
remains to be fully acknowledged[22,23]. This study was conducted
to examine the number, size, and status of lymph nodes within
the mesorectum, and to investigate the prognostic value of
lymph node metastases, especially lymph node micrometastases,
in patients with rectal cancer.

MATERIALS AND METHODS
Patients
From October 2001 to October 2002, 31 patients with rectal
cancer undergone total mesorectal excision (TME) at the
Department of Gastroenterological Surgery of West China
Hospital were included. There were 18 males and 13 females,
with an average age of 55 (32-72) years. Of them, 7 cases were
patients with high rectal cancer (above the peritoneal reflection)
and 24 cases were patients with lower rectal cancer (below the
peritoneal reflection). Three tumors were highly differentiated,
20 moderately differentiated, and 8 poorly differentiated. All patients
received standard preoperative examination and the diagnosis
of rectal adenocarcinoma was made by fibrocolonoscopy and
confirmed by pathological biopsy before surgery. All operations
were carefully performed by skillful surgeons following the
principle of TME[24], and the rectal specimens resected were
collected prospectively.

Specimen processing
After removal, the specimens were routinely processed with
neutral buffered 100 mL/L formalin solution for 24 h, and
immersed in lymph node revealing solution (LNRS) for 6 h or
more[25]. Later, they were washed thoroughly with running



water. Fat tissues in the specimens were dissected carefully at
intervals of 2-3 mm from upward down to the level of distant
transaction along the runway of the superior rectal artery (SRA).
Lymph nodes stood out as white, and chalky nodules against
the background of yellow fat were harvested and recorded.

Pathological examination
After retrieval, each lymph node was embedded separately in
paraffin. The block was then sectioned serially at intervals of
20-40 µm, with each section of 4 µm in thickness. Two sections
sampled randomly from 10 representative levels were subjected
to haematoxylin and eosin (HE) staining. For nodes diagnosed
negatively by HE staining, another 3 sections were further
singled out, one for HE re-examination, the other two for
immunohistochemistry (IHC).
     Immunohistochemistry was performed using labelled
streptavidin biotin method (LsAB). Briefly, all sections were
deparaffinized and rehydrated. Then, they were immersed in
30 mL/L H2O2 for 20 min to block the endogenous peroxidase
activity. Sections were then incubated with 100 mL/L normal
goat serum for 20 min, followed by incubation with mouse
monoclonal anti-human cytokeratin (CK) 20 antibody
(Neomarkers, Lab Vision Corporation, CA, USA) (1:50) at 4 
overnight. After that, the sections were washed with phosphate
buffered solution (PBS) (0.01 mol/L, pH 7.2) and sequentially
incubated with biotinylated goat anti-mouse IgG, and
streptavidin biotin horseradish peroxidase complex following
the manufacturer’s instructions (HistostainTM-SP Kits, Zymed
laboratories Inc., San Francisco, CA, USA). Staining was
developed by immersing slides in 0.5 g/L 3,3’-diaminobenziding
tetrahydrochloride (DAB) with 3.3 mol/L H2O2. All slides were
counterstained with haematoxylin, dehydrated and mounted.
Yellowish staining of the tumor cell cytoplasm was taken as
positive. Previously confirmed rectal adenocarcinoma tissue
served as positive control, and substitution of the primary
monoclonal antibody with PBS was used as negative control.
Tumor micrometastases were occult diseases generally missed
by HE staining while detected by IHC, and were characterized as
single cell or small cluster of cells showing malignant morphology.

Follow-up
All patients were regularly followed up to now. The follow-up

interval was every 3 mo after surgery during the first year and
every 6 mo thereafter. The time of recurrence and the cause of
death were inquired and recorded.

Statistical analysis
The t test for difference in mean values and χ2 test for difference
in frequencies were performed using SPSS 10.0 software
package. P<0.05 was considered statistically significant.

RESULTS
Micrometastases and number of lymph nodes
A total of 548 mesorectal lymph nodes were retrieved from the
31 specimens, with 17.7±8.2 lymph nodes per case. HE staining
detected 114 lymph nodes positive in 22 patients (71.0%). The
average number of metastatic lymph nodes in HE-positive patients
was 5.2±5.1 per case. IHC re-examination of the remaining
negative nodes revealed 39 lymph nodes (9.0%) positive with
tumor micrometastases from 18 cases (58.1%). Among them,
5 cases (16.1%) with 10 nodes positive with IHC staining were
previously assumed free of metastatic diseases. The average
number of micrometastatic lymph nodes in IHC-positive patients
was 2.2±1.3 per case.

Micrometastases and size of lymph nodes
The average diameter of all the 548 lymph nodes was 4.1±1.8 mm.
The mean size of 114 metastatic lymph nodes (5.2±1.7 mm in
diameter) was significantly larger than that of 39 micrometastatic
lymph nodes (3.9±1.4  mm in diameter) (P<0.01). Of all the lymph
nodes, 92 (16.8%) were 2 mm in diameter, with 4 metastatic and 3
micrometastatic lymph nodes; 182 (33.2%) 5 mm, with 54
metastatic and 8 micrometastatic lymph nodes; and 274 (50.0%)
with a size between 2 mm and 5 mm in diameter, with 56 metastatic
and 28 micrometastatic lymph nodes (Table 1). It was noted that
the majority of lymph nodes (66.8%) were <5 mm in diameter,
and 52.6% of the metastatic nodes and a higher proportion of
the micrometastatic nodes (79.5%) were <5 mm in diameter also.

Lymph node metastases and micrometastases and prognosis
All the 31 patients were successfully followed-up. Patients with
lymph node metastases received regular chemotherapy after surgery.
However, during a median follow-up period of 24.6±4.7 mo, one

Table 1  Size of lymph nodes (LNs) and status of tumor metastases and micrometastases

        No. of LNs
Size of LNs (mm) Positive ratio (%)

         Total   HE-positive   IHC-positive Sum of positive

2 92 4 3 7 7.6b

2-5            274            56           28           84           30.7
5            182            54 8           62           34.1d

Total            548          114           39         153           27.9

bP<0.01, vs 2-5; dP<0.01, vs  2.

Table 2  Clinicopathological features of five recurrent patients with lower rectal cancer

    Characteristics of tumor                         No. of LNs
Case No.     Sex    Age (yr)  Site of recurrence     Outcome

Differentiation      Invasion       Total         M MM

1      Female         35          Well        Muscle          15                    3    2             Lung          Surviving
2      Female         65          Poor        Serosa          22                  22    0         Pelvis+liver Dead
3      Male         50          Moderate        Muscle          27                    0    3 Pelvis          Surviving
4      Male         45          Poor        Serosa          30                  17    4 Pelvis Dead
5           Male         32          Poor        Muscle          21                    5    5 Pelvis          Surviving

LNs: lymph nodes; M: metastatic; MM: micrometastatic.
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patient died of tumor unrelated cardiovascular disturbance 24 mo
post operation and was excluded from the analysis. Among the
five cases (16.7%) with lower tumor recurrences, 3 cases were
localized in the pelvic floor, one case spread to the lung, and
one case with both pelvic and liver involvements. Two of them
died and the other three remained alive. All the recurrent patients
shared the characteristics of having 3 or more lymph nodes
involved with tumor metastases and/or micrometastases. Of them,
one case with mere lymph node micrometastases also developed
local recurrence 17 mo after operation (Tables 2, 3). Comparison
analysis showed that both the number of metastatic and
micrometastatic lymph nodes between the recurrent and non-
recurrent groups differed significantly (P<0.01 and P = 0.01,
respectively), although such a statistical difference was not
found between them in reference to the total number identified
per case (Table 4).

DISCUSSION
The nodal status is the single powerful predictor of survival in
rectal cancer[1,2,20,21]. Both the number and location of lymph nodes
involved have significant impacts on the outcome of patients
with rectal cancer[6,15,21,26]. However, the nodal staging accuracy
is not easy to make[27-29]. Factors contributing to this dilemma
include the mount of mesentery resected, diligence for search
of nodes paid, number of histological slices investigated, and
methods of pathological examination employed[30-33]. There are
still wide variations regarding the minimum number of lymph
nodes to be examined for a reliable node-negative diagnosis,
the reported recommendations were 6 to 17 lymph nodes[34-36].
The non-uniform extent of lymph nodes collected for investigation
made the results incomparable between authors, and the absence
of consensus on the number of lymph nodes contained in the
mesentery worsened the situation further[36,37].
       It was established that the lymphatic spread of rectal cancer
followed an anatomical way along which the normal lymphatic
fluid drains[14,15]. As a consequence, lymph nodes contained in
the mesorectum are the earliest and the most frequent ones that
might be involved when the dissemination of tumor cells takes
place[14-16]. Focused examination of the mesorectal lymph nodes,
thereby, could identify most metastases and micrometastases
in the first place[15], though skip metastases might exist in a few
cases[38,39]. However, available data have provided little information
on the lymph nodes enveloped within the mesorectum[22,23]. The
number and size of lymph nodes, and their tumor status remain
to be defined.
       Recently, Canessa et al.[22] recovered 168 mesorectal lymph
nodes from 20 cadavers and found that the mean number was
8.4 per specimen. They searched the lymph nodes from the division

of the superior rectal artery which excluded the lymph nodes
that lie above it, i.e., the lymph nodes along the main trunk of it,
that should otherwise be referred to ‘mesorectal’ nodes by strict
definition[40]. Also in an another study on cadavers, an average
of 24.9 pelvic lymph nodes were identified from 7 fresh specimens,
which included 13.6 mesorectal lymph nodes per case[23]. Their
study employed modified LNRS to facilitate the identification
of lymph nodes in the mesorectum. Therefore, the lymph nodes
they retrieved outnumbered those in previous study markedly[23].
In the current study, the LNRS was also used to help identify
lymph nodes embedded in the mesorectal fat. A mean number
of 17.7 lymph nodes per case were dissected. The majority of
them (82.2%) were located along the superior rectal artery. The
sizes of 66.8% of the total lymph nodes, 59.8% of the metastatic
lymph nodes and 79.5% of the micrometastatic lymph nodes
were <5 mm in diameter. The minimal size of lymph nodes found
was 0.7 mm in diameter. These lymph nodes, especially those
with a diameter 2 mm, were at great risk of being missed in
routine pathological sampling with only naked speculation and
manual palpitation[41-43]. By further examining the HE-negative
nodes with IHC staining, we identified 39 nodes positive with
tumor micrometastases from 18 cases (58.1%). Of interest, 10 nodes
with micrometastatic diseases in 5 cases (16.1%) were previously
assumed free of tumor spread by routine pathological examination.
Thus this group of patients was upstaged.
      The superior sensitivity of IHC to HE staining in detecting
micrometastases in colorectal cancer has been well recognized[44-47].
Although its sensitivity remained ten times lower compared to
reverse transcriptase polymerase chain reaction (RT-PCR)
techniques, IHC is probably more specific and reliable, in that it
allows examining the morphology of stained cells and differentiating
from that of non-specific background staining[44-46]. There are
still many controversies regarding the prognostic significance
of micrometastases in colorectal cancer[10,11,47-54]. It was argued
that although the application of IHC technique had the added
ability to identify overt diseases missed by HE staining, it offered
little prognostic information on the postoperative recurrence
and long year survival[10,49-52]. On the contrary, authors favoring
the detection of lymph node micrometastases stated that it was
not only one of the major concerns for the proper staging of diseases,
but also of prognostic relevance to the outcome of patients with
rectal cancer, thus suggesting helpful in the early planning of a
multimodality treatment protocol for indicated patients[11,53,54].
      Choi et al.[50] retrospectively reviewed 1 808 lymph nodes
from 93 Dukes’ B colorectal tumors with IHC staining and found
that 54 lymph nodes (3.0%) from 29 cases (31.2%) harbored
micrometastatic diseases. However, the five-year survival analysis
showed no significant difference between the micrometastatic
group and non-micrometastatic group. Yasuda et al.[11] employed
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Table 3  Comparison of recurrence between patients with different nodal status

        HE-positive       HE-negative
Variables          Total

   IHC-positive IHC-negative IHC-positive  IHC-negative

No. of case 13 8 5 4 30
Recurrence    3 1 1 0   5
Recurrence rate (%) 23.1           12.5           20 0 16.7

Table 4  Comparison of nodal status between recurrent and non-recurrent group

         LNs (mean±SD)
Grouping Positive ratio (%)

  Total         HE-positive        IHC-positive      Sum of positive

Recurrent group 23.0±5.8 9.4±9.6 2.8±1.9 12.2±8.9 53.0
Non-recurrent group 17.0±8.2 2.6±2.5 1.0±1.2 3.6±3.0 21.4
P 0.135 0.003 0.01 0.000   0.000



IHC method and examined a total of 1 013 lymph nodes from 12
recurrent and 30 non-recurrent patients with histologically
determined Dukes’ B colorectal cancer. Micrometastases were
confirmed in 59 lymph nodes (16%) from 11 cases (92%) in the
recurrent group, and 77 lymph nodes (12%) from 21 cases (70%)
in the non-recurrent group. They further demonstrated that
micrometastases in four or more lymph nodes occurred more
frequently in the recurrent group than in the non-recurrent
group (58% vs 20%, P<0.05), and micrometastases to N2 or
higher nodes occurred more frequently in the recurrent group
also (92% vs 47%, P<0.01). Afterwards they concluded that the
number and level of positive micrometastatic lymph nodes were
both significantly correlated with postoperative recurrence of
histologically determined Dukes’ B colorectal cancer[11].
       In the present study, 5 patients with rectal cancer developed
recurrences. The rate of recurrence was 16.7% within two years
after curative operation. All patients suffering from recurrent
diseases had three or more mesorectal nodes involved with
tumor metastases and/or micrometastases, one patient with
lymph node micrometastases developed recurrence also. It was
noted that both the number of metastatic and micrometastatic
lymph nodes differed significantly between the recurrent and
non-recurrent groups (P<0.01 and P = 0.01, respectively),
implying that lymph node micrometastases and the number of
lymph nodes involved might also correlate with the outcome of
patients with rectal cancer, while the prognostic value of lymph
node metastases was confirmed.
      In summary, by using the LNRS to facilitate identifying
lymph nodes, and with a combination of HE and IHC to detect
tumor metastases and micrometastases, we have provided a
detailed description of both the number and size of lymph nodes
enveloped in the mesorectum, as well as their tumor status with
metastases and micrometastases in rectal cancer. The rapid
recurrence of tumor after a cure-intended surgery is related to
the tumor status of mesorectal lymph nodes. The presence of
lymph node micrometastases and the number of lymph nodes
involved might have some value for the prediction of tumor
recurrence in rectal cancer[11,47,48,53,54], now that the importance of
lymph node metastases has been widely acknowledged[1-6,19,21].
However, it is too cursory to draw a convincing conclusion,
concerning the small samples included and only short-term
outcome investigated in the current study. Future multi-central
large-sample controlled studies are needed to clearly define the
role of lymph node micrometastases in the prognosis of patients
with rectal cancer.
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Abstract

AIM: To investigate the expression of CD34 and c-kit (receptor
of stem cell factor) in cholangiocarcinoma.

METHODS: Fifteen cases of intrahepatic cholangiocarcinoma
and 17 cases of extrahepatic cholangiocarcinoma were studied
in this experiment. Using Envision detection system, paraffin-
embedded sections of the resected cholangiocarcinoma
tissue were stained with antibodies against CD34 and c-
kit, respectively. The sections were counterstained with
hematoxylin, and the results were examined under light
microscope. Normal tonsil and mammary tissues were used
as positive controls for CD34 and c-kit, respectively.

RESULTS: CD34 was positive in all sections, but only in capillary
endothelial cells of tumor tissue. No cholangiocarcinoma
cells were positive for CD34. In one case of extrahepatic
cholangiocarcinoma, a few tumor cells (about 5%) were
immunoreactive with c-kit.

CONCLUSION: CD34 or c-kit positive cells in liver tissue may
represent liver stem cells, as they can differentiate into
mature biliary cells in vitro. The expression of c-kit by some
cholangiocarcinoma cells suggests that cholangiocarcinoma
might originate from liver stem cells. However, other
mechanisms of hepatocarcinogenesis, such as de-differentiation
of mature cholangiocytes, may also exist.

Liu C, Wang J, Ou QJ. Possible stem cell origin of human
cholangiocarcinoma. World J Gastroenterol  2004; 10(22):
3374-3376
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INTRODUCTION
Two theories are available to explain the process of hepatocar-
cinogenesis, one is de-differentiation of mature liver cells
(hepatocytes and cholangiocytes), the other is maturation arrest
of liver stem cells[1]. In normal liver, putative liver stem cells
may exist at terminal bile ductules (canal of Hering) and periductular
area[2,3]. In rodent animals, when damage and loss of hepatocytes
and/or cholangiocytes are combined with impaired regeneration
of the mature cells, liver stem cells may be activated. They
proliferate and differentiate towards both hepatic and biliary
lineages[2,4-7]. Activation of liver stem cells has been observed
in various human liver diseases, such as acute liver necrosis[8],
hemochromatosis[9], chronic cholestatic diseases[10], alcoholic
liver diseases[9] and chronic viral hepatitis[9,11,12]. In human liver
focal nodular hyperplasia[13], hepatic adenoma[14], hepatocellular

carcinoma[15] and hepatoblastoma[16], some tumor cells have
also been detected to express the specific markers of liver stem
cells, indicating their possible stem cell origin. In animals,
cholangiocarcinoma can also originate from liver stem cells[17].
         CD34 and c-kit are two hemapoietic markers, but in periductular
area and occasionally within bile ducts, CD34 and c-kit positive
cells were also found[18]. CD34 or c-kit positive cells in human
liver can be isolated with immunomagnetic separation techniques,
and these isolated cells are able to differentiate into biliary
epithelial cells in vitro[18]. Thus, CD34 and c-kit positive cells in
human liver may represent liver stem cells. In this study, the
expression of CD34 and c-kit in human cholangiocarcinoma
was investigated.

MATERIALS AND METHODS
Specimens
Paraffin-embedded specimens from 32 cases of resected
cholangiocarcinoma at Sun Yat-Sen Memorial Hospital were
studied in this experiment. They included 18 male and 14 female
patients, ranging from 24 to 80 years old (mean and medium
64 years old). Fifteen cases had the tumor located in intrahepatic
bile duct (IBD), 4 cases in common hepatic bile duct (CHBD)
and 13 cases in common bile duct (CBD). Some clinical characteristics
of the patients are summarized in Table 1.

Immunohistochemistry
Each paraffin-embedded specimen was cut consecutively into
6 sections. Three sections of CD34 and 3 sections of c-kit were
stained with Envision detection system (DAKO, Denmark). CD34
retrieval was performed by heating the sections in 10 mmol/L
citrate buffer (pH 6.0). In brief, the tissue sections were incubated
with peroxidase blocking reagent (DAKO) for 5 min, incubated
with CD34 (monoclonal mouse anti-human, IgG1, kappa, ready
to use; DAKO) for 10 min or c-kit (polyclonal rabbit anti-human,
1:50; DAKO) for 30 min at room temperature. Then, the sections
were incubated with peroxidase labelled polymer conjugated
to goat anti-rabbit or goat anti-mouse immunoglobulin for 30 min
at room temperature, incubated with diaminobezidine (DAB)
chromogen for 5 min, counterstained with hematoxylin and
mounted with coverslip. Between each of these steps, the sections
were rinsed gently with Tris-HCl buffer. Normal human tonsil
and mammary tissues were used as positive controls for CD34
and c-kit, respectively. Negative control was performed at the
same conditions by omitting incubation with the first antibody.
The stained tissue sections were examined under light microscope.

RESULTS
CD34 and c-kit were positive in the staining of capillary endothelial
cells in tonsil and ductal cells in normal mammary tissues,
respectively. Negative controls were all negative. Among the
specimens of 32 cases of cholangiocarcinoma, CD34 was strongly
positive in the staining of all capillary endothelial cells and negative
in tumor cells (Figure 1). However, c-kit was positive in the staining
of tumor cells in 1 case of cholangiocarcinoma originating from
common bile duct (case 32, Table 1). This was an 80 years old
patient with moderately differentiated cholangiocarcinoma, and
about 5% of the tumor cells were positively stained at cell



membrane and cytoplasm (Figure 2). The positive result was
repeatedly identified in several sections from the same specimen.

Table 1  Clinical characteristic of the patients with
cholangiocarcinoma

No.    Sex        Age (yr)        Location of        Differentiation
    adenocarcinoma

  1 F 78 CBD moderately
  2 F 68 CBD moderately
  3 M 63 CBD moderately
  4 M 67 IHBC moderately
  5 M 58 IHBC well
  6 M 49 CBD poorly
  7 M 80 IHBC well
  8 M 75 CBD poorly
  9 M 77 IHBC well
10 F 74 CBD well
11 M 50 CHBD well
12 F 68 CBD well
13 M 62 IHBC well
14 F 69 IHBC well
15 F 67 IHBC well
16 M 52 IHBC moderately
17 M 59 IHBC moderately
18 F 74 CBD poorly
19 M 64 CHBD well
20 F 62 IHBC moderately
21 F 68 IHBC poorly
22 M 61 CHBD poorly
23 F 46 CBD moderately
24 F 73 CBD moderately
25 F 62 IHBC well
26 M 59 CHBD well
27 M 64 CBD poorly
28 M 76 IHBC moderately
29 M 24 IHBC well
30 M 56 IHBC moderately
31 F 60 CBD moderately
32 F 80 CBD moderately

F: Female; M: Male; CBD: Common bile duct; CHBD: Com-
mon hepatic bile duct; IHBC: Intrahepatic bile duct.

        Liver stem-like cells are small and oval in shape with relatively
large oval nuclei. They are immunoreactive for OV-6 (rat oval
cell marker), cytokeratin (CK) 8 and CK 18 (both are epithelial
cell markers), CK 7 and CK 19 (both are biliary cell markers), CK 14,
and chromogranin-A[15,19]. Liver stem-like cells are heterogeneous,
and could be classified into 3 types based on their differentiation
characteristics. Type I represents the most undifferentiated
cells, type II the progenitor cells differentiating towards biliary
lineage, and type III the progenitor cells differentiating towards
hepatic lineage[19]. In human liver, these liver stem-like cells have
been found in focal nodular hyperplasia, hepatic adenoma,
hepatocellular carcinoma and hepatoblastoma[13-16].
       CD34 and c-kit are two markers of hemapoietic stem cells.
However, recently in normal human liver, c-kit was detected in
canal of Hering where the putative liver stem cells may exist[3].
In patients with fulminant hepatic failure, over expression of c-
kit was detected in activated liver stem-like cells[20]. CD34 was
also identified in rat liver stem-like cells[21]. Using immunomagnetic
separation method, CD34 and c-kit positive cells were isolated
from human liver. These cells were able to proliferate and
differentiate into both biliary epithelial and endothelial cells
in vitro[18]. This suggested that CD34 and c-kit positive cells in

liver might represent biliary progenitor cells, biliary and endothelial
cells might share the same progenitor cells. Among the 12 cases
of hepatoblastoma, Ruck et al. reported that CD34 was found
to be immunoreactive with both tumor cells and endothelial
cells in 1 case of small cell hepatoblastoma, and this indicated
the possible stem cell origin of hepatoblastoma[22].
       In this study, a few tumor cells in 1 of 32 cases of cholangio-
carcinoma were immunoreactive with c-kit, and this suggested
their possible origin of biliary stem cells.

Figure 1  A: Immunohistochemical staining of cholangiocarcinoma
with antibody against CD34. Arrowhead indicates strongly
positive capillary endothelial cells. B:  Immunohistochemical
staining of cholangiocarcinoma with antibody against c-kit
(Envision, original magnification: ×400). Arrowhead indicates
positive tumor cells.

      As putative liver stem cells possibly exist in terminal bile
ductules (canal of Hering), intrahepatic cholangiocarcinoma is
supposed to originate from liver stem cells more likely than
extrahepatic cholangiocarcinoma. However, the cells with stem
cell characteristics may not only exist in intrahepatic bile ducts,
but also in extrahepatic bile ducts. In embryonic development
of rat liver, both intra- and extrahepatic bile ducts originated from
AFP- and albumin-containing hepatoblasts[23]. The remnant of
embryo liver stem cells may also exist in extrahepatic bile ducts.
In human, it was observed that hepatocellular carcinoma could
also develop from extrahepatic bile ducts[24-26]. These tumors
might originate from liver stem cells in extrahepatic bile ducts
by maturation arrest. Thus, extrahepatic cholangiocarcinoma
that was immunoreactive with c-kit in this experiment might
also originate from putative liver stem cells.
        Based on animal experiments, different carcinogenic regiments
might act on different level of cells in hepatic lineage and produce
hepatic carcinoma by different mechanisms[27]. Diethylnitrosamine
acted on mature hepatocytes and induced hepatocellular
carcinoma by de-differentiation. Furan injured bile duct
progenitor cells and induced cholangiocarcinoma by maturation
arrest. 2-acetylaminofluorene acted on ductular bipolar progenitor
cells and induced hepatocellular carcinoma by maturation arrest.
In choline deficiency models, the periductular stem cells could
be activated to induce hepatocellular carcinoma by maturation
arrest. The exact causes of human cholangiocarcinoma are still
unclear, and there may be more than one mechanism of its
carcinogenesis. In this study, only a few tumor cells in 1 case of
cholangiocarcinoma were c-kit immunoreactive, and we could

A
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not draw a sound conclusion. Tumor cells may lose their markers
of stem cells during maturation arrest. Thus, further researches,
such as increasing the number of cases and discovering new
biliary progenitor cell markers, are needed to answer if human
cholangiocarcinoma originates from stem cells.
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Abstract

AIM: To describe the epidemiological features of peptic
ulcer disease in Wuhan area during 1997-2002, to analyze
the sex, age and occupation characteristics, as well as the
geographic distribution of peptic ulcer disease, and to
determine the effective methods of preventing and controlling
peptic ulcer disease.

METHODS: In the early 1980s, the peptic ulcer disease
registry system was established to collect the data of peptic
ulcer disease in Wuhan area. Here we performed a statistically
detailed analysis of 4876 cases of peptic ulcer disease
during 1997-2002.

RESULTS: The morbidity of peptic ulcer disease between
males and females was significantly different (χ2 = 337.9,
P<0.001). The majority of peptic ulcer diseases were found
at the age of 20 to 50 years. Because of different occupations,
the incidence of peptic ulcer disease was different in different
areas.

CONCLUSION: The incidence of peptic ulcer disease is
highly associated with sex, age, occupation and geographic
environmental factors. By analyzing the epidemiological
features of peptic ulcer disease, we can provide the scientific
data for prevention and control of peptic ulcer disease.

Dong WG, Cheng CS, Liu SP, Yu JP. Epidemiology of peptic
ulcer disease in Wuhan area of China from 1997 to 2002.
World J Gastroenterol  2004; 10(22): 3377-3379

http://www.wjgnet.com/1007-9327/10/3377.asp

INTRODUCTION
During 1997 to 2002, 21693 patients had a gastroscopy in
Outpatient Department of the Renmin Hospital in Wuhan
University, of them, 4876 were diagnosed as peptic ulcer disease.
Factors that increased the risk of serious peptic ulcer disease
included older age, history of peptic ulcer disease, gastrointestinal
hemorrhage, dyspepsia and previous non-steroidal anti-
inflammatory drug-associated (NSAID) intolerance, as well as
poor living conditions[1]. Furthermore, the epidemiological
factors were important reasons leading to peptic ulcer disease.
To explore the epidemiological features of peptic ulcer disease in

Wuhan area, we performed a statistical analysis of the data about
sex, age, occupation and geographic environmental distribution.

MATERIALS AND METHODS
A total of 21 693 patients with gastrointestinal symptoms
received a gastroscopy in Outpatient Department of the Renmin
Hospital of Wuhan University, of them, 4 876 were diagnosed
as peptic ulcer disease. The patients were classified according
to gastric ulcer (GU), duodenal ulcer (DU), complex ulcer (CU),
sex, age, occupation and geographic environment and a database
was set up. All the data were checked and analyzed using the
SPSS statistical software.

RESULTS AND DISCUSSION
Peptic ulcer disease mainly refers to the chronic ulcer which
occurs in stomach and duodenum, because the formation of
ulcer is linked to the digestive function of gastric acid-pepsin[2].
Peptic ulcer disease is a worldwide common disease, but the
incidence of peptic ulcer disease in different countries and
regions is obviously different. The incidence of peptic ulcer
disease has not been exactly investigated in China. Therefore,
we performed a statistically detailed analysis of the data in
Wuhan area from 1997 to 2002.
       There were 4 876 cases of peptic ulcer disease out of 21 693
patients, and the incidence was 22.5%. Among the 4 876 cases
diagnosed as peptic ulcer disease by gastroscope, 3 899 males
(79.9%) and 977 females (20.1%) had peptic ulcer disease. The
sex ratio (males to females) was 3.95:1. Among the patients
with peptic ulcer disease, 3 397 had duodenal ulcer disease,
1066 had gastric ulcer disease and 413 had complex ulcer disease.
Duodenal ulcer diseases accounted for 69.6%, gastric ulcer
diseases accounted for 21.9% and complex ulcer diseases
accounted for 8.5%. The ratio of the three was 8.2:2.6:1. The
data of the sex, age, occupation characteristics and geographic
distribution of peptic ulcer disease are shown in Tables 1-4.

Table 1  Sex ratio of six different age groups in 4 876 cases of
peptic ulcer disease

Age (yr)                 Duodenal                    Gastric                     Complex                  Peptic
group                          ulcer                            ulcer                           ulcer                        ulcer

    10- 3.66 5.00            10.00           3.96
    20- 5.13 4.03 6.13           4.93
    30- 4.12 4.63 7.53           4.39
    40- 2.65 5.82 3.04           3.26
    50- 2.53 5.56 2.86           3.37
    60- 3.43 5.70 6.75           4.39
  Mean 3.59 5.12 6.05           4.05

Sex difference
The incidence of peptic ulcer disease in males was always higher
than that in females in different age groups. From Table 1, we
could see that the sex ratio in duodenal ulcer disease was
2.53-5.13:1, the maximum ratio was 5.13, and the average ratio
was 3.59. The sex ratio in gastric ulcer disease was 4.03-5.82:1,
the maximum ratio was 2.53, and the average ratio was 5.12. The
cases of complex ulcer disease were so few that they had no



statistic significance. After analyzing the trend of the mortality
of peptic ulcer disease from 1952 to 1980 in Western Germany,
we found that the general trend of mortality of males was
descending but there was a fluctuating ascending, and the
general trend of mortality of females was steadily ascending[3].
Since the early 1960s in America, the incidence of the peptic
ulcer disease in males has slightly decreased, but that of females
has shown the increasing trend, and the difference of sex has
gradually lessened[4]. Mortality from non- perforated ulcer
decreased markedly, while that from perforated ulcer decreased
slightly, similar trends were observed in men and women[5]. We
carried out a statistical analysis of the data according to the
different age groups (χ2 = 337.9, P<0.001). From Table 2 and
Figure 1, we could see that the incidence of peptic ulcer disease
between males and females was significantly different.

Table 2  Comparison of sex among six different age groups in
4 876 cases of peptic ulcer disease

 Age(yr) group
Gender

10-   20-          30-          40-            50-          60-

Male 190        858       1 340         880           576         282
Female  48   174      305         270           171           65

χ2 = 337.9, P<0.001.

Table 3  Age distribution in 4 876 cases of peptic ulcer disease

Duodenal ulcer       Gastric ulcer      Complex ulcer
Age (yr)
group Male Female    Male      Female     Male     Female

    10- 150     41      30          6            10   1
    20- 656   128    153        38            49   8
    30- 932   226    295        64          113 15
    40- 519   196    285        49            76 25
    50- 263   104    250        45            63 22
    60- 141     41    114        20            27   4
  Total            2 661   736 1 127      222          338 75

Table 4  Occupation distribution in six different age groups in
1 068 cases of peptic ulcer

Age (yr)    Worker        Farmer       Cadre      Student
group

    DU  GU    CU   DU   GU   CU   DU  GU   CU   DU  GU  CU

10-       2       1      0       0 1      0    2      0      0    24     6    6
20-     86     18       6  36      12      4     6      2      0    10     0    0
30-   168     22       8  96      44      8  32    20      2
40-     26       6       6  66      38    14  34    14      4
50-     28     10       2  32      26      8  16    16      2
60-     18       8       2  14      28      2  12    12      2
Total 328     65     24   244    149    36 102    64     10    34     6     6

Age distribution
People who suffered from peptic ulcer disease could be found
out at whatsoever ages, but the majority of patients with peptic
ulcer disease were adults. Our data indicated that the youngest
patient was 9 years old, the oldest was 73 years old, 78.7% of
the patients were between 20 and 50 years old, the peak age of
incidence was between 30 and 40 years old in duodenal ulcer
disease patients. In gastric ulcer disease patients, the youngest
was 11 years old, and the oldest was 75 years old, 82.9% of the
patients were between 20 and 50 years old, 92.2% of the patients
were between 30 and 60 years old, and the peak age of incidence
was between 30 and 40 years old. People with gastric ulcer
disease were older than those suffering from duodenal ulcer

disease. The incidence of peptic ulcer disease in patients
between 40 and 60 years old was obviously higher than that in
patients between 10 and 30 years old. The actual number of
peptic ulcers in the elderly decreased, however the percentage
of elderly with peptic ulcer against total population increased[6].
The age distribution of complicated ulcer disease was basically
similar to that of gastric ulcer disease. The incidence of peptic
ulcer disease was 22.5% in Wuhan area, the ratio of duodenal
ulcer to gastric ulcer was 3.2:1, and the ratio of different age
groups was 1.24-5.1:1. From Figure 2, we could see that the
incidences of duodenal ulcer disease and gastric ulcer disease
were not significantly different after 50 years old. Huang et al.[7]

found that peptic ulcer disease in children over 6 years old was
mainly primary ulcer, the majority of them were duodenal ulcer,
and the clinical symptoms of the peptic ulcer were similar to
those in the adults. It was reported that 72-80% of peptic ulcer
disease in Hunan and Guangdong provinces in China occurred
in patients between 20 and 50 years old, which was similar to
the results of the reports from India[8]. The location of duodenal
ulcer disease was on anterior wall and greater curvature of
bulb, but in gastric ulcer disease was on gastric angle and antrum,
and the peak age of incidence was 21 to 50 years[9]. The results
of our investigations were basically similar to them.

Figure 1  Age and sex distribution of peptic ulcer disease in
Wuhan area, China.

Figure 2  Age distribution of 4 876 cases of peptic ulcer disease
in Wuhan area.

Social occupation factors
The sex difference and age distribution of peptic ulcer disease
in different occupations were basically the same. The data of
our study were divided into four parts, each from the workers,
farmers, students and cadres, respectively, From Table 4, we
know that the incidence of peptic ulcer disease among farmers
was the highest, moderate in workers and the lowest in students.
The incidence of duodenal ulcer disease was also very high
among these special occupations such as drivers, firefighters
and so on, which was similar to the report of Sonnenbeg et al.,
who found the incidence of duodenal ulcer disease was very
high among the firefighters, pilots and shift workers[10,11]. The

1 600

1 400

1 200

1 000

   800

   600

   400

   200

0
10-        20-       30-        40-       50-       60-

C
a
s
e
s

Age group (yr)

Incidence in males

Incidence in females

1 400

1 200

1 000

800

   600

   400

   200

  0
10-         20-          30-         40-         50-          60-

C
a
s
e
s

Age group (yr)

Duodenal ulcer

Gastric ulcer

3378         ISSN 1007-9327    CN 14-1219/ R      World J Gastroenterol    November 15, 2004   Volume 10   Number 22



Dong WG et al. Epidemiology of peptic ulcer disease in Wuhan         3379

study results from Western Germany indicated that the
consumption of body’s energy was a dangerous factor for the
development of peptic ulcer disease[11]. This may be related to
social factors such as busy working, heavy mental stress and
so on. It was reported that the occurrence, recurrence of peptic
ulcer disease were closely associated with psychological
contradiction, emotional-hindering and defective character.
Depress, anxiety, fear, emotional irritability and cognitive
disorganization were significantly increased in the integrated
stress management program (ISMP) group in comparison with
the progressive muscle relaxation (PMR) group, and the
incidence of peptic ulcer disease was higher in the ISMP group
than in the PMR group[12]. In addition, irregular meal, over-
eating, and fast-eating might cause injures to the digestive
tract mucosa, leading to the occurrence of peptic ulcer disease[13].
Peptic ulcer disease was more common in the working age
groups. To any kind of occupation, age between 20 and 50 years
was a period in which people were widely connected with
society and participation in assorted social activities more
frequently than ever. Heavy social psychological stress,
frequent mobility and irregular working were extremely important
factors in the formation of peptic ulcer disease. The increasing
incidence of peptic ulcer disease in females was related to more
and more social activities that females participated in gradually[14].

Geographic and environment factors
Environmental factors played a role in peptic ulcer disease[15].
The positive detectable rate of peptic ulcer disease in Han
nationality was higher than that in Korea nationality at Yanbian
area[16]. Thors et al.[17] demonstrated that peptic ulcer mortality
and disease risk were particularly high in subjects born after
the turn of the century and subsequent generations. Since
1945, a very rapid economic development has been achieved
with the advent of electricity and refrigeration, clean water and
food; The condition in Iceland changed from being anti-
hygienic and poor to being rich and clean, the morbidity of
peptic ulcer disease has decreased. The rise and fall in peptic
ulcer during the 20th century might be caused by factors early
in life in the generations born during these years with crowding
and poor hygiene before living conditions and socio-economic
status were improved. The incidence of peptic ulcer disease as
reported was between 16% and 33% from different regions in
China. The results from Hunan and Gansu Provinces indicated
that the ratio of duodenal ulcer disease to peptic ulcer disease
was 2.7-6.2:1 in the inpatient department during the same period.
The peptic ulcer disease is very prevailing in all over China, but
there is an increasing trend from the north to the south in
region distribution. Furthermore, the morbidity of peptic ulcer
disease is also different in different countries, and duodenal
ulcer disease turns up more frequently than gastric ulcer disease
in the majority of Western countries. The study report in Japan
indicated that the incidence of gastric ulcer disease was higher
than that of duodenal ulcer disease. The incidence of duodenal
ulcer disease and gastric ulcer disease was almost equal to that
in Norwegian. In respect to ethnicity, Bengali speaking Hindus
showed high probability for gastric ulcers in both sexes[18].
The detecting rates of peptic ulcer disease in Han and Hui
nationalities were 13.42% and 10.66% respectively. Among
peptic ulcer diseases 44.4% were duodenal ulcer disease, and
50.63% were gastric ulcer disease, the ratio being 0.88:1. The
detecting rate of peptic ulcer in Han nationality was higher
than that in Hui nationality, and gastric ulcer disease occurred

more often than duodenal ulcer disease in china. The regional
difference in the type and level of peptic ulcer disease revealed
that geographic and environmental factors probably played
an important role in the development of peptic ulcer disease.
Additionally, the incidence of peptic ulcer disease in the
transition period between autumn and winter or between
winter and spring was higher than that in other periods. The
change of climate factors was also associated with occurrence
of peptic ulcer disease; with the change of temperature and
atmosphere, patients with peptic ulcer disease would appear
gastroperiodynia.
      In conclusion, the occurrence of peptic ulcer disease is
highly associated with sex, age, occupation, geographic and
environmental factors. By analyzing the epidemiological
characteristics of peptic ulcer disease, we can provide the
scientific data for prevention and control of peptic ulcer disease.
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Abstract

AIM: To determine whether 2-(3-carboxy-1-oxopropy1)
amino-2-deoxy-D-glucose (COPADG), a derivative of D-
amino-glucose, inhibited the growth of human esophageal
cancer cell line Eca-109.

METHODS: Effects of COPADG on Eca-109 cells cultured
in RPMI 1640 medium were examined by a tetrazolium-
based colorimetric assay (MTT assay).

RESULTS: COPADG inhibited the growth of Eca-109 cells
in a dose- and time-dependent manner; the maximum
inhibition rate was 83.75%.

CONCLUSION: COPADG can directly inhibit the proliferation
of Eca-109 cells, which may serve as the experimental
evidence for development of new drugs for esophageal
cancer therapy.

Wu J, Lu H, Zhou Y, Qiao L, Ji R, Wang AQ, Liu WM, Xue QJ.
Effect of 2-(3-carboxy-1-oxopropyl) amino-2-deoxy-D-glucose
on human esophageal cancer cell line. World J Gastroenterol

2004; 10(22): 3380-3381
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INTRODUCTION
2-(3-carboxy-1-oxopropy1) amino-2-deoxy-D-glucose (COPADG,
structure is shown in Figure 1) is a derivative of D-glucose, a
monose derivative of degraded chitosan. Previous researches have
discovered that some amino-D-glucose derivatives are capable of
inducing leukemia K562 cells to differentiate into macrophages[1],
but their efficacy in inducing apoptosis of tumor cells remains
unclear. We conducted this study to determine whether
COPADG could inhibit the proliferation of human esophageal
cancer cell line Eca-109, to provide experimental evidence for
new drug development for esophageal cancer therapy.

MATERIALS AND METHODS
Materials
COPADG, synthesized by the Lanzhou Institute of Chemical

Physics of Chinese Academy of Sciences, was dissolved in
distilled water, filter-sterilized with 0.22 µm filter disc, and stored
at 4  until use. Eca-109 cells were purchased from Shanghai
Institute of Cell Biology of Chinese Academy of Sciences. RPMI
1640 medium, agarose, trypsin and fetal bovine serum (FBS)
were obtained from Gibco BRL Company, and the reagents for
MTT assay were purchased from Sigma Chemical Co. Ltd.

Cell culture
Eca-109 cells growing in logarithmic phase were cultured in RPMI
1640 medium supplemented with 100 mL/L heat-inactivated FBS,
100 µg/mL penicillin and 100 µg/mL streptomycin. The cells
were maintained in a humidified atmosphere containing 50 mL/L
CO2 at 37 . The medium was replaced every 48 h.

MTT colorimetric assay
MTT assay[2] was based on the enzymatic reduction of the
tetrazolium salt MTT in viable and metabolically active cells.
Cells at 85% to 100% confluency were harvested with the
mixture of 2.5 g/L trypsin and 0.2 g/L EDTA solution and seeded
into a 96-well plate at a density of 4×103 /well, followed by
incubation of the cells with COPADG at varied concentrations
(0.01-0.09 mol/L) for different lengths of time (24-96 h, Table 1).
The control cells were treated in the same way except that
incubation was performed with sterile PBS instead of COPADG.
After treatment, the medium was replaced by fresh medium and
the cells were incubated for 4 h with 5 mg/mL MTT, which was
dissolved in 150 µL of 100 g/L DMSO and kept for 1 h. The
optical densities at 490 nm (A490nm) in the 96-well plates were
determined using a microplate reader. Cell growth inhibition
was estimated with the following formula: Growth inhibition
(%) =1-A490nm (treated cells)/A490nm (control cells) ×100%.

Statistical analysis
Results were expressed as mean±SD. Each experiment was
repeated at least three times. Statistical differences between
each group were determined by single-factor analysis of
variance and correlation analysis using SPSS 11.0 statistical
software.

Figure 1  Chemical structure of 2-(3-carboxy-1-oxoprogy1)
amino-2-deoxy-D-glucose.

RESULTS
COPADG could effectively inhibit the growth of Eca-109 cells,
the maximum inhibition rate was 83.75%. The inhibition exhibited
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an obvious time-and dose-dependent manner when the
COPADG concentrations were below 0.05 mol/L, and higher
concentrations tended to induce gradually stabilized inhibition,
suggesting a saturation of the effects of COPADG (Table 1,
Figure 2).

Figure 2  Inhibition of Eca-109 cell growth by COPADG.

DISCUSSION
COPADG is a derivative of D-glucose, which is a low-molecular-
weight compound with multiple biological activities and a
monosaccharide derived from chitosan through release of an
acetyl group followed by degradation of the residual group.
D-glucose is the intermediate during the synthesis of protein-
polysaccharide macromolecules, and distributed in almost every
human tissue as a part of the structural components of cell
membrane and tissues. From the biological standpoint, D-glucose
not only is involved in hepatic and renal detoxification against
toxic agents, but also acts to stimulate the anti-inflammatory
response and enhance the synthesis of protein-polysaccharides.
Studies[3,4] have also shown that D-glucose could inhibit tumor
cell growth, and partial derivatives of D-glucose could potently
induce differentiation of tumor cells. Some D-amine-glucose
derivatives were able to induce leukemia K562 cells to
differentiate into macrophages[5], but this effect failed to be
observed in human hepatocellular carcinoma cell line[1].
Currently, COPADG has become a new focus of interest in
cancer therapy.
     By conducting this study, we aimed to test whether COPADG,
the newest derivative of D-glucose, had any effect on the
proliferation of human esophageal cancer cells. MTT assay
showed that COPADG could effectively inhibit Eca-109 cell

Table 1  Inhibitory effect of COPADG on the proliferation of esophageal cancer cell line Eca-109 (mean±SD)

Concentra-tion                                 A490nm                   Inhibitory rate (%)
      (mol/L)

      24 h       48 h        72 h    24 h    48 h    72 h

0 (Control) 1.505±0.090 1.686±0.067 1.745±0.077   12.76    20.81    31.29
0.01 1.313±0.053b 1.336±0.057b 1.199±0.083b   12.76    20.81    31.29
0.03 0.958±0.028 0.966±0.086 0.900±0.056   36.35    42.68    48.42
0.05 0.400±0.064b,c 0.429±0.065b,a 0.384±0.050b,c   73.42    74.57    77.99
0.07 0.383±0.045 0.360±0.039 0.342±0.037   74.55    78.66    80.44
0.09 0.355±0.046c 0.362±0.053 c 0.280±0.039a   76.41    78.54    83.75

At the same time point, P<0.01 vs the control group; bP<0.01 vs 0.03 mol/L; aP<0.05, cP>0.05 vs 0.07 mol/L.

proliferation, in a marked time- and dose-dependent manner
below the concentration of 0.05 mol/L; the maximum inhibition
rate was 83.75%. The inhibition, however, became stable when
the concentrations were higher than 0.05 mol/L, indicating that
the effects of the drug might be saturated at this concentration.
      The development of cancer has been considered to be the
combined results of unrestricted cell proliferation and impairment
of normal cell apoptosis[6]. These concepts provide a basis
for the development of new strategies for cancer treatment.
Agents with antiproliferative properties and proapoptotic effects
have been widely investigated as potential chemotherapeutic
options[7,8].
        Conclusion, COPADG has obvious time- and concentration-
dependent inhibitory effects against the proliferation of human
esophageal cancer cell line Eca-109 in vitro, but whether this
effect can be achieved in other cell lines still awaits further
examination, which may also be necessary to clarify the
mechanism underlying this effect.
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Abstract

We report a case of caudate lobe hemangioma with an
atypical CT enhancement pattern. In the present case,
hemangioma exhibited a very subtle discontinuous peripheral
rim enhancement at the post-enhanced arterial phase, and
the peripheral enhanced zone had a moderately increased
enhancement degree and with widened enhancement
thickness during the portal-phase and delayed-phase. The
slow enhancement rate for this caudate lobe hemangioma
was due to sluggish perfusion by the small feeding arteries
of caudate lobe branches as demonstrated by angiography.

Chen HC, Lee CM, Chen CS, Wu CH. A case of atypical caudate
lobe hemangioma mimicking hepatocellular carcinoma: CT and
angiographic manifestations. World J Gastroenterol  2004; 10
(22): 3382-3384
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INTRODUCTION
Cavernous hemangioma is the most common benign hepatic
tumor and usually presents with a typical enhancement pattern
when studied by dynamic spiral computed tomography (CT).
However, there are a small number of hemangiomas that
exhibit atypical enhancement patterns due to the presence of
intralesional non-enhanced or less-enhanced components[1-4].
Herein, we report a case of hepatitis B and C with an atypical
caudate lobe hemangioma that preoperatively was misdiagnosed
as a hepatocellular carcinoma because the caudate lobe mass
was supplied by small caudate lobe arteries with very sluggish
perfusion, resulting in a slow enhancement rate and atypical
enhancement patterns when studied by dynamic CT. CT
imaging features and corresponding angiographic findings of
the atypical caudate lobe hemangioma were provided.

CASE REPORT
An asymptomatic 58-year-old woman was found incidentally
to have a hepatic mass in the caudate lobe by ultrasound study
during a health examination. She was a known hepatitis B
carrier (serum positive HBsAg) for 10 years and also known
as a hepatitis C carrier (positive IgG anti-HCV) for 1 year.
Laboratory evaluation demonstrated normal liver and renal
function. The counts of red blood cells, white blood cells, and
platelets, coagulation function test, urinalysis, and serum
biochemistry profile analysis were normal. The serum alpha-

fetoprotein level was not elevated. Abdominal ultrasound
detected a 4.0 cm×4.6 cm inhomogeneous hyperechoic mass
situated at the caudate lobe.
     Pre- and post-contrast triphasic spiral CT scans were
subsequently performed with intravenous administration of a
total of 100 mL of contrast material at an injection rate of 2 ml/s
via a power injector. Hepatic arterial-phase, portal-phase and
delayed-phase were obtained 35, 75 and 180 seconds, respectively,
after the injection of contrast material. Pre-contrast CT revealed
a well-circumscribed, low attenuation (attenuation value of
40 HU) ovoid mass (measuring approximately 4.0 cm×4.6 cm
in dimension) occupying the caudate lobe. The mass exhibited
a very faint discontinuous peripheral rim enhancement
(attenuation value of 76 HU) at the arterial-phase (Figure 1A),
with a moderately increased enhancement degree (attenuation
value of 110 to 114 HU) and widened enhancement thickness
for the enhanced peripheral zone during the portal-phase
and delayed-phase (Figures 1B, C). Minimal enhancement
(attenuation value of 61 HU) was also noted in the central
portion of the mass during the delayed-phase.
     The patient also received a conventional angiographic
examination for further evaluation of the caudate lobe mass.
Selective proper hepatic angiography showed two small,
slightly tortuous, but not enlarged caudate lobe arteries deriving
from the right and left hepatic arteries and supplying the caudate
lobe mass. Very faint peripheral tumor stains were detected
during the late arterial phase (Figure 2A) and parenchymal phase.
However, there were no persistent, dense tumor stains at the
late venous phase. During the angiographic study, 4 mL of
lipiodol (iodized oil) was also slowly injected into the proper
hepatic artery and showed several foci of spotty lipiodol
retention in the peripheral and central portions of the caudate
lobe mass (Figure 2B).
     The patient underwent caudate lobe excision under the
presumptive diagnosis of hepatocellular carcinoma based on
the imaging findings. Pathological examination revealed a
cavernous hemangioma occupying the caudate lobe. Only
several small foci of organizing thrombi within the hemangioma
were discovered.

DISCUSSION
Cavernous hemangioma is the most common benign hepatic
tumor. The vast majority of hepatic hemangiomas present with
a typically initial intense peripheral nodular enhancement with
gradual central fill-in enhancement when studied by dynamic
CT study, and it is easy to differentiate from other hepatic
tumors. However a small number of hemangiomas could
exhibit atypical enhancement patterns due to the presence of
intralesional non-enhanced thrombosis, fibrotic, degenerated
or calcified components[1,4]. In addition, variable vascularity of
hemangiomas could also influence the lesion’s enhancement
rate and result in atypical enhancement patterns[2-4]. An atypical
hemangioma may mimic a malignant hepatic tumor, causing
diagnostic confusion, especially in patients at risk of malignancy.
     Previous investigators[2-4] have observed that atypical
enhancing hemangiomas were more common for smaller
lesions than for larger lesions. Approximately 15.6% to 22.2% of



hemangiomas smaller than 2 cm in diameter might have an
atypical enhancement pattern of low or iso-attenuation during
the post-enhanced arterial and portal venous phases by dynamic
CT[2-4]. However, atypical enhancement patterns of large
hemangiomas were very rare. Yun et al.[2] reported that only
2.2% of hemangiomas larger than 2 cm in diameter presented
with atypical enhancement patterns. These reports were
correlated with the concept that the presence of typical
peripheral nodular enhancement required larger blood
supply vessels for hemangiomas and this was associated
more with a larger lesion size. Thus, a hemangioma fed by
small, not-enlarged supply arteries may fail to exhibit a typical
enhancement pattern.
       In this present case, although the caudate lobe hemangioma
was larger than 4 cm in diameter, the angiograms showed that
it was supplied by slightly tortuous, but un-enlarged feeding
arteries due to its unique location on an independent hepatic
segment of the caudate lobe that only receives the small
diameter caudate arterial branches derived from the proximal
portion of right and left hepatic arteries. So, this caudate lobe
hemangioma failed to exhibit a typical initial peripheral nodular
enhancement due to the absence of large feeding arteries.
Moreover, the small caudate arteries with their sluggish
perfusion also resulted in a slow enhancement rate for the
caudate lobe hemangioma. On the post-enhanced arterial-
phase, a very faint discontinuous peripheral rim enhancement
was noted. During the portal-phase, there was a moderately
increased enhancement degree for the enhanced peripheral
zone, but the degree of enhancement was not as high as intra-
hepatic vessels. At the delayed-phase, complete centripedal
fill-in enhancement was not present in the hemangioma,
but only a subtle enhancement of the intralesional central
portion was noted. The enhancement pattern in the caudate
lobe hemangioma thus simulated a well-differentiated
hepatocellular carcinoma with delayed pseudocapsule

enhancement, because a well-differentiated hepatocellular
carcinoma might usually only possess a slightly increased arterial
supplement and is not fed by markedly enlarged vessels[5].
Therefore, both a well-differentiated hepatocellular carcinoma
and a hemangioma with small feeding arteries may exhibit a
similar enhancement pattern on dynamic CT study. However,
the thickness of pseudocapsules in a hepatocellular carcinoma
was thinner than that of the enhanced peripheral rim in a
hemangioma. Furthermore, the increased enhancement degree
and the increased enhancement thickness of the intra-lesional
peripheral rim also provided a diagnostic clue for the hemangioma
with a slow progressive central fill-in enhancement. In contrast,
a hepatocellular carcinoma usually exhibited contrast medium
washout during the delayed-phase.
       MR imaging is superior to CT study to improve diagnostic
confidence for hepatic hemangiomas. CT has a sensitivity of
62-88% and a specificity of 84-100% (100% when enhancement
is isoattenuating to the aorta) for detection of the typical globular
enhancement in hemangiomas[6]. However, MR imaging has a
higher sensitivity of 98% and a specificity of 98% for detection
of the hemangiomas[7]. Some atypical hemangiomas can be
diagnosed by MR imaging study. Nevertheless, some atypical
hemangiomas will still remain uncertain at MR study due to the
presence of intralesional thrombosis, calcified, hyalinized or
cystic components that results in the loss of its characteristic
appearance of markedly high signal intensity on heavy T2-
weighted imaging and present with atypical enhancement
patterns on post-enhanced study[8]; and these cases will require
biopsy and histopathologic examination.
    Except that hemangiomas can exhibit peripheral rim
enhancement, the presence of peripheral rim enhancement
could also be observed in hepatic metastatic lesions[9].
      However, the peripheral rim enhancement in a metastatic
lesion often has a serrated margin and not a lobular margin as
seen in a hemangioma. Thus, in the present case, the caudate
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Figure 1  CT images were obtained from an asymptomatic 58-year-old woman with an atypical hepatic hemangioma. A: A
4.0 cm×4.6 cm caudate lobe mass, which exhibits a subtle, discontinuous peripheral thin-rim enhancement (attenuation value
of 76 HU) shown by post-contrast triphasic CT scan at the arterial-phase. B and C: A moderately increased enhancement degree
and a widened enhancement thickness for the enhanced peripheral zone (attenuation value of 110 to 114 HU) in the caudate lobe
mass shown by post-contrast triphasic CT scans at the portal-phase and delayed-phase.

A B

Figure 2  Peripheral tumor stains during the late arterial phase and foci of spotty lipiodol retention in the peripheral and central
portions of the caudate lobe mass. A: Peripheral tumor stains during the late arterial phase. B: Foci of spotty lipiodol retention
in the peripheral and central portions of the caudate lobe mass.



lobe hemangioma had an enhanced peripheral rim with a lobular
margin and not a serrated margin allowing it to be differentiated
from a metastatic lesion.
     As in the present case of a hepatitis carrier at risk for
malignancy, CT and MR imaging were considered as
complementary imaging study for detection of the malignant
hepatic masses. Kang et al.[10] reported that although MR
imaging study had a higher sensitivity of 95% than that of CT
study with a sensitivity of 88% for detection of the hepatocellular
carcinomas, However, there was no significant difference in
the diagnostic specificity between MR study (97%) and the CT
study (98%).
     Intra-arterial lipiodol injection has also been used to
increase detection of small hepatic neoplasms. Lipiodol retention
with a spotty and/or nodular type distribution in the peripheral
or central portions of hepatic hemangiomas has been described
by Moon et al.[11]. However, the presence of spotty lipiodol
retention has also been observed in other hepatic tumors, such
as focal nodular hyperplasia, metastases and hepatocellular
carcinoma. Hepatocellular carcinomas tended to exhibit a
peripheral distribution of lipiodol accumulation, rather than a
central distribution of lipiodol deposition as seen in hemangiomas.
In this present case, conventional angiography failed to demonstrate
the typical “cotton-wool” appearance of puddling of contrast
material within the large vascular spaces and persisting into
the venous phase of a caudate lobe hemangioma. The absence
of persistent tumor stains in the hemangioma may be due to its
unique location in the hepatic caudate lobe where there is a
rapid venous drainage to the adjacent portal vein and inferior
vena cava. In such a situation, it is difficult to distinguish a
hemangioma from a hepatocellular carcinoma based only on
conventional angiographic imaging findings. Whereas, intra-
arterial lipiodol injection demonstrated spotty lipiodol retention
at the intralesional peripheral and central portions, with a
“cotton wool” appearance, and suggested a diagnosis of
hemangioma. In addition, the number of lipiodol retention foci
was also more pronounced than the number of contrast material
stains as seen on conventional angiograms, because the lipiodol
materials could be retained in the ectatic and tortuous vascular
channels of the hemangioma, thus decreasing its venous
washout degree via the portal vein and inferior vena cava.
Therefore, intra-arterial lipiodol injection is able to help in the
diagnosis of a hemangioma with a rapid venous drainage.
       In conclusion, the presence of slow progressive peripheral
rim enhancement persisting to the delayed phase, associated
with the presence of central distributed spotty lipiodol retention
in a caudate lobe mass should give rise to a suspicion of the
possibility of hepatic hemangioma. This report emphasizes that
a hepatic hemangioma in this unique caudate lobe location can
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present with an atypical enhancement pattern and resembles a
hepatocellular carcinoma. Thus, we recommend that when
studying a caudate lobe lesion, a longer post-enhanced delayed
time (more than 3 min) is required on CT, in order to reflect its
actual vascularity characteristics. In addition, further evaluation
by MR study with a long echo time of 150 to 180 ms is also
necessary to confirm the diagnosis of a cavernous hemangioma
in order to prevent inappropriate therapeutic decision making.
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Abstract

We report an 80-year-old man who presented with sponta-
neous regression of hepatocellular carcinoma (HCC). He
complained of sudden right flank pain and low-grade fever.
The level of protein induced by vitamin K antagonist (PIVKA)-
II was 1 137 mAU/mL. A computed tomography scan in
November 2000 demonstrated a low-density mass located
in liver S4 with marginal enhancement and a cystic mass
of 68 mm×55 mm in liver S6, with slightly high density content
and without marginal enhancement. Angiography revealed
that the tumor in S4 with a size of 25 mm×20 mm was a
typical hypervascular HCC, and transarterial chemoembolization
was performed. However, the tumor in S6 was hypovascular
and atypical of HCC, and thus no therapy was given. In
December 2000, the cystic mass regressed spontaneously
to 57 mm×44 mm, and aspiration cytology revealed bloody
fluid, and the mass was diagnosed cytologically as class I.
The tumor in S4 was treated successfully with a 5 mm margin
of safety around it. The PIVKA-II level normalized in February
2001. In July 2001, the tumor regressed further but presented
with an enhanced area at the posterior margin. In November
2001, the enhanced area extended, and a biopsy revealed
well-differentiated HCC, although the previous tumor in
S4 disappeared. Angiography demonstrated two tumor
stains, one was in S6, which was previously hypovascular,
and the other was in S8. Subsequently, the PIVKA-II level
started to rise with the doubling time of 2-3 wk, and the
tumor grew rapidly despite repeated transarterial
embolization with gel foam. In February 2003, the patient
died of bleeding into the peritoneal cavity from the tumor that
occupied almost the entire right lobe. Considering the acute
onset of the symptoms, we speculate that local ischemia
possibly due to rapid tumor growth, resulted in intratumoral
bleeding and/or hemorrhagic necrosis, and finally spontaneous
regression of the initial tumor in S6.
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INTRODUCTION
According to previous reports, spontaneous regression (SR)

of malignant tumors is estimated to occur once in 60 000-100 000
cancer patients[1]. Neuroblastomas and urinary bladder cancers
are well-known to regress spontaneously. However, in hepatocellular
carcinoma (HCC) only 30 cases of SR have been reported in the
English-language literature[2-7]. Among them, there has been only
1 report of 2 cases of recurrent HCC after SR[4]. In both cases,
however, the new lesion developed at a different site in the
liver while the preexisting HCC was regressing, suggesting
that multicentric hepatocarcinogenesis was involved in the
recurrence. In this paper, we present a case of spontaneously
regressing HCC, which recurred locally during the course of 8 mo.
Four months later, a new lesion developed at a different site in
the liver, possibly through intrahepatic metastasis from the
original tumor, and progressed rapidly. We discussed the possible
mechanisms of SR in HCC.

CASE REPORT
An 80-year-old man was admitted to our hospital on November
14, 2000 due to right flank pain and low-grade fever, which
continued for a day and worsened gradually. He drank 350 mL
of beer every day but had no history of the use of herbal medicines.
       His blood pressure was 170/104 mmHg and body temperature
was 37.2 . There was no remarkable physical finding. The
laboratory data on admission revealed that his white blood cell
count and C-reactive protein (CRP) were elevated to 10 600/mm3

and 6.2 mg/dL, respectively. Aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) also were elevated to 201 IU/L
and 234 IU/L, respectively. The level of alfa-fetoprotein (AFP) was
within the normal limit, but protein induced by vitamin K antagonist
(PIVKA)-II was 1 137 mAU/mL. His serum was negative for hepatitis
B surface antigen and positive for hepatitis C antibody.
    Enhanced computed tomography (CT) on admission
demonstrated 2 hepatic tumors (Figure 1A). One was a low-density
mass located in liver S4 with marginal enhancement.  The other was
a cystic mass of 68 mm×55 mm in S6 with slightly high density
content but without marginal enhancement. Angiography
demonstrated that the right hepatic lobe was supplied by the replaced
right hepatic artery. A celiac arteriogram showed tumor stain in S4
with a size of 25 mm×20 mm, which was diagnosed as typical HCC
(Figure 2A). Transarterial chemoembolization was performed
using an emulsion of 3.2 mL Lipiodol (iodized oil manufactured
by Andre Guerbert, Aulnay-sous-Bois, France) and 32 mg
epirubicin[8]. The super mesenteric arteriogram, on the other hand,
demonstrated that the tumor in S6 was hypovascular (Figure 2B).
Because this image was atypical of HCC, no therapy was given.
      Low-grade fever disappeared on the second day of admission
and the white blood cell count, CRP and transaminases became
almost normal on the eighth day. Because the patient wanted to
undergo an operation for gallbladder stones, preoperative evaluation
for cholecystectomy was carried out. In December 2000, just before
the operation, a CT scan showed that Lipiodol was accumulated
in the tumor in S4 and that the cystic mass in S6 was decreased
in size spontaneously, down to 57 mm×44 mm (Figure 1B). During
the operation in December 2000, microwave coagulation was
performed for HCC in S4. The surface of the cystic tumor in S6
was dark red and needle aspiration revealed bloody fluid, which was
diagnosed cytologically as class I. Because there was no evidence
of malignancy, we did not give any treatment for this lesion.



       After the operation, the tumor in S6 continued to decrease
in size (Figure 1C), whereas the tumor in S4 was treated
successfully with a 5 mm margin of safety around it. The PIVKA-
II level fell to the normal limit in February 2001. A CT scan in
July 2001 revealed that the tumor was decreased further in size
but demonstrated an enhanced area at the posterior margin of
the tumor (Figure 1D). Furthermore, the PIVKA-II level increased
slightly. In November 2001, a CT scan demonstrated that the
enhanced area extended to the surrounding area of the cystic
tumor (Figure 1E). Histological evaluation by tumor biopsy from
the lesion in S6 revealed a well-differentiated HCC (Figure 1F).
The celiac arteriogram in November 2001 showed that the
previous tumor stain in S4 disappeared. The super mesenteric
arteriogram demonstrated 2 tumor stains; one was in S6, which
was previously hypovascular, and the other was in S8 (Figure 2D).
      Subsequently, transarterial embolization with gel foam
(TAE) was repeated but the tumor resisted therapy, with rapid
invasion and intrahepatic metastasis. In February 2003, the
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Figure 2  A: Celiac arteriogram showing tumor stain with a
size of 25 mm×20 mm in S4. B: Blood supply of right hepatic
lobe by the replaced right hepatic artery. C: Super mesenteric
arteriogram demonstrating two tumor stains.

A B C

November 2000 November 2001

Figure 3  Clinical course of the patient. TAE: transarterial embo-
lization with gel foam.

patient died of bleeding into the peritoneal cavity from the
tumor that occupied almost the entire right lobe (Figure 3).

DISCUSSION
To our knowledge, there has been only 1 report of 2 cases of
recurrence of HCCs after SR[4]. In both cases, the recurrent HCCs
developed at different sites in the liver before the preexisting
HCC regressed completely, suggesting that multicentric
hepatocarcinogenesis, rather than intrahepatic metastasis, was
likely to have been involved in the recurrence. However, in our
case, evidence of local recurrence in the regressing tumor was
observed by CT scan before the newly developed lesion in S8
was found by angiography. In addition, when local recurrence
was detected by CT scan, the serum PIVKA-II level started to
rise again. This clinical course suggests that the new lesion in
S8 might be due to intrahepatic metastasis from the locally
recurrent tumor in S6, rather than multicentric hepatocarcinogenesis.

Figure 1  Enhanced computed tomography (CT). A: A low-density mass located in liver S4, with marginal enhancement and a cystic mass
of 68 mm×55 mm in S6. B: Lipiodol accumulation in the tumor in S4 and the cystic mass in S6. C: Microwave coagulation performed for
HCC in S4 during cholecystectomy. D: Further decrease in tumor size and enhanced area at the posterior cystic lumen of the tumor. E:
Extension of the enhanced area to the surrounding area of cystic tumor. F: A well-differentiated HCC shown by histological evaluation.
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      In previous reports, some authors made a definitive diagnosis
by histological study after tumor resection but others suspected
SR based on the following up radiological findings and the tumor
markers[2-7]. In this case, the PIVKA-II level was 1 137 mAU/mL on
the first admission and decreased dramatically to 103 in 1 mo.
However, at that point we were not certain whether this was due to
SR of the HCC in S6 or to transarterial chemoembolization for a
typical HCC in S4. In addition, a diagnosis of class I by tumor
aspiration cytology in S6 prevented us from performing S6
segmentectomy, in view of evidence-based medicine. We could
not make a definitive diagnosis of the tumor in S6 until it showed
radiological signs of recurrence and was proven histologically
to be HCC.
       The precise mechanism of SR of HCC remains unclear, but
various factors have been speculated to play a role, such as
alcohol withdrawal[9], androgen withdrawal[10], and intake of
herbal medicine[2,11,12]. Secondary bacterial infection in the
tumor has also been supposed to cause SR through the
stimulation of cytokine production[13,14] and fever[15]. Because
of the hypervascular nature of HCC, another important factor
might be an insufficient blood supply to the tumor, possibly
due to rapid natural tumor growth[16,17], spontaneous arterial
thrombosis[18], or gastrointestinal bleeding[19,20]. In our case,
there was no history of alcohol or androgen withdrawal or the
use of herbal medicines. The initial symptoms of right flank
pain and fever suddenly appeared and lasted for only a day.
Laboratory data showed that the levels of transaminases were
elevated on admission but almost normalized in about a week.
In addition, angiography clarified that the tumor in S6 was
hypovascular. Furthermore, this tumor was cystic with slightly
high density content, from which bloody fluid was obtained.
These clinical manifestations suggest that the acute onset of
the symptoms was due to local ischemia, leading to intratumoral
bleeding or hemorrhagic necrosis, and as a result, causing SR.
       In this case, the PIVKA-II level after recurrence showed a
logarithmic increase throughout the entire clinical course, except
that it stabilized for one month after each TAE. The doubling time
of the PIVKA-II level, which is thought to reflect the tumor doubling
time, was calculated to be 2-3 wk. This indicates that the recurrent
tumor grew very rapidly, compared with the average natural growth
rate of HCC reported previously[21,22]. The PIVKA-II level was
elevated to 1 137 mAU/mL on the first admission, decreased along
with SR of the tumor in S6, and rose again after recurrence. It has
been reported that HCCs with high PIVKA-II levels during the
initial stage show aggressive behaviors and a poor prognosis.
Therefore, we speculate that the initial tumor in S6 grew as fast
as the recurrent tumor and this rapid growth itself might be the
cause of insufficient blood supply to the tumor, finally inducing
SR, as suggested in previous reports[16,17].
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