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More than 80% of  cirrhotic patients who have been treat-
ed successfully for spontaneous bacterial peritonitis (SBP) 
experience a recurrence[1,2].  Long-term prophylaxis with 
single daily oral antibiotic has been shown to be cost ef-
fective in delaying a recurrence but only for a short time[3].  
What has never been tested in this population is the cy-
cling of  antibiotics. We report the beneficial use of  anti-
biotic cycling for 36 weeks in a 74-year-old woman with 
cryptogenic cirrhosis and recurrent SBP.

The patient was admitted because of  abdominal pain. 
Physical examination revealed a malnourished woman with 
mild jaundice. Blood pressure was 100/60 mmHg, pulse 
110 beats /min and temperature 37.4 °C. There was mod-
erate ascites, splenomegaly and multiple signs of  chronic 

liver disease. Plasma levels of  urea, creatinine, and electro-
lytes were within normal limits. Blood platelets were 80 000 
per mm³; prothrombin time by international normalized 
ratio (INR) was1.4; serum albumin, 3.0 g per deciliter; 

bilirubin, 2.5 mg per deciliter; alanine aminotransferase, 28 
U per liter, ascitic protein, 1.0 gr per deciliter and ascitic 
white blood cells 1500 cell per mm³ with 75% neurophils. 
Ascitic culture was positive for Escherichia coli bacteria. 
Blood culture was negative. Abdominal ultrasonography 
revealed signs of  portal hypertension. The patient was on 
prophylactic therapy with trimethoprim-sulphamethoxa-
zole 160/800 mg daily during the last 3 mo. On admission 
the patient was treated with intravenous ceftriaxone 1 gr bid 

for 5 d with good response (ascitic neurophil decreased 
bellow 200 cell /mm3). The patient was discharged with a 
recommendation to be on a prophylactic oral cefuroxime 
500 mg qd for 6 wk followed by oral ofloxacin 200 mg qd 
for 6 wk, followed further by amoxicillin-clavulanic acid 
875/125 mg qd for another 6 wk and finally trimethoprim-
sulphamethoxazole 160/800 mg for an additional 6 wk 
(four cycles). The regimen was repeated. Gradually the 
patient’s condition improved, the number of  SBP episodes 
decreased and her ascitic neutrophil count returned to 
baseline levels (<100 cell/mm3). Repeated ascitic cultures 
during follow up of  36 wk was negative for bacteria. 

Several strategies have been suggested to prevent or 
reduce bacterial resistance to antimicrobials, including cy-
cling[4]. This strategy has been studied recently in intensive 
care units and has resulted in fewer infections and in lower 
mortality[5]. The basic principle of  cycling antibiotics is that 
a bacterium that becomes resistant (by plasmids, bacterio-
phages, transposons or integrons) to the first course of  
treatment would remain susceptible to the second regimen.  
If  it is resistant to the second regimen, the third regimen 
should cope with the resistance. The selection of  antibi-
otic cycling schedule in this case was arbitrary. Amoxicillin-
clavulanic acid eliminates both aerobic and the anaerobic 
bacteria which could contribute to the development of  
multi-resistant organism. However, repeated ascites and 
blood culture were negative for bacteria, so the antibiotic 
resistance profile and the molecular evidence of  bacterial 
translocation were not performed. Our report suggests 
the need for a randomized, prospective study of  cycling of  
antibiotic prophylaxis in patients with recurrent SBP. The 
timing, number and order of  cycles directed to prevent 
selection pressure of  bacterial resistance remain to be de-
termined.
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With great interest we read the recent retrospectice study 
by Barta et al (1) dealing with the clinical presentation 
of  patients with microscopic colitis. They investigated 
in a cohort of  53 patients with microscopic colitis (46 
with collagenous colitis, 7 with lymphocytic colitis) 
the relationship between microscopic colitis and both 
constipation and diarrhea. One of  their mean finding 
was that abdominal pain, diarrhea and constipation was a 
common symptom complex of  patients with microscopic 
colitis, thus the face of  microcopic colitis resembles the 
subgroups of  irritable bowel syndrome (IBS).

Irritable bowel syndrome is highly prevalent disorder. 
Consensus diagnostic criteria (Rome II) based on 
symptoms have been established to aid the diagnosis of  
IBS. Microscopic colitis, encompassing collagenous and 
lymphocytic colitis, is diagnosed by histologic criteria. 
Since symptoms of  microscopic colitis and both diarrhea 
predominant irritable bowel syndrome or functional 
diarrhea are similar, a considerable number of  patients 
with micoscopic colitis may be misdiagnosed as IBS or 
functional diarrhea or a disease overlap could be present in 
a subgroup of  patients. 

We would like to confirm the data by Barta et al[1] 
presenting a subgroup analysis of  placebo-controlled 
trials, in which we evaluate the possible symptom overlap 
between microscopic colitis and IBS. We aimed to assess 
the proportion of  patients with histologically confirmed 

microscopic colitis who fulfill the Rom-II-criteria for IBS 
and functional diarrhea[2] .

We selected a large patient cohort with histologically 
confirmed symptomatic microscopic col i t is, who 
participated in placebo-controlled trials of  our group. 
Baseline gastrointestinal symptoms were assessed by 
standardized questionnaires and ascertained consistent 
with Rome-II-criteria (chronic abdominal pain and/or 
stool abnormalities for at least 12 wk in the preceding 12 
mo, no alarm symptoms such as weight loss, no findings in 
the routine procedures including colonoscopy).

E igh ty - two cases o f  mic roscop ic co l i t i s (74 
collagenous, 8 lymphocytic) were included in this analysis. 
The mean age was 57 years (30-80). Seventy-three % were 
women. The mean stool frequency per day was 6 (range 
3-15). The duration of  symptoms prior to histological 
diagnosis of  microscopic colitis ranged between 1 and 156 
mo with a mean of  28 mo. Forty-seven patients (57.3%) 
had concomitant abdominal pain. 

Twenty-three patients (28.1%) met the Rome-II-
criteria for diarrhea-predominant IBS. Six patients 
(7.3%) fulfilled the criteria for functional diarrhea. If  
the criteria for duration of  symptoms were excluded 
from our analysis, the corresponding rates were 65% and 
13.4%, respectively These data clearly demonstrate that 
a considerable group of  patients with microscopic colitis 
have diarrhea-predominant IBS- or functional diarrhea-like 
symptoms. Thus, patients with microscopic colitis could be 
misdiagnosed as IBS or functional diarrhea. Additionally, 
because of  the high frequency of  IBS, a disease overlap 
could be present in a subgroup of  patients as it was shown 
between IBS and celiac disease[3]. We conclude that the 
clinical symptom-based criteria of  IBS are not specific 
enough to rule out the diagnosis of  microscopic colitis. 
Therefore, patients with diarrhea-predominance of  IBS-
like symptoms should undergo matrix biopsies from the 
entire colon to investigate for possible microscopic colitis 
especially biopsies from the right colon are of  importance 
because the left colon sometimes is less involved.
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Abstract
AIM: To determine the distribution of Hepatitis B virus 
(HBV) genotypes in Benin, and to clarify the virological 
characteristics of the dominant genotype.

METHODS: Among 500 blood donors in Benin, 21 
HBsAg-positive donors were enrolled in the study. HBV 
genotypes were determined by enzyme immunoassay 
and restriction fragment length polymorphism. Complete 
genome sequences were determined by PCR and direct 
sequencing.

RESULTS: HBV genotype E (HBV/E) was detected 
in 20/21 (95.2%), and HBV/A in 1/21 (4.8%). From 
the age-specific prevalence of HBeAg to anti-HBe 
seroconversion (SC) in 19 HBV/E subjects, SC was 
estimated to occur frequently in late teens in HBV/E. 
The comparison of four complete HBV/E genomes from 
HBeAg-positive subjects in this study and five HBV/E 
sequences recruited from the database revealed that 

HBV/E was distributed throughout West Africa with very 
low genetic diversity (nucleotide homology 96.7-99.2%). 
Based on the sequences in the basic core promoter (BCP) 
to precore region of the nine HBV/E isolates compared to 
those of the other genotypes, a nucleotide substitution 
in the BCP, G1757A, was observed in HBV/E.

CONCLUSION: HBV/E is predominant in the Republic 
of Benin, and SC is estimated to occur in late teens in 
HBV/E. The specific nucleotide substitution G1757A in 
BCP, which might influence the virological characteristics, 
is observed in HBV/E.

©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus(HBV) is a member of  the family 
Hepadnaviridae. This virus is a small DNA virus with a 
partially double-stranded 3.2-kb genome. HBV has been 
classified into seven genotypes based on the sequence 
divergence over the entire genome exceeding 8%[1,2]. 
The seven genotypes show a distinctive geographical 
distribution. HBV genotype A (HBV/A) is prevalent 
in Northwestern Europe, North America, and Africa[3]. 
HBV/B and HBV/C are characteristics of  Asia. HBV/D 
is predominant in the Mediterranean area, HBV/E in 
West Africa, and HBV/F in South America.

Recently, virological and clinical differences in 
genotypes have been reported[4,5]. In addition, subtypes 
of  HBV/B, HBV/Ba, ‘a’ indicating Asia, and HBV/Bj, 
‘j’ indicating Japan, have been reported[6]. The former has 
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recombination with HBV/C, but the latter does not, and 
clinical differences have been shown between them[7]. 
Furthermore, HBV/A is phylogenetically classified into 
subtypes, namely HBV/Aa, ‘a’ indicating Asia/Africa, 
which is distributed in Asia and Africa, and HBV/Ae, ‘e’ 
indicating Europe, which is distributed in Europe[8].

It is now recognized that mutations in basic core 
promoter (BCP) and precore region regulate hepatitis 
B e antigen (HBeAg) expression.  It was shown in an in 
vitro study that the double mutations in BCP, A1762T and 
G1764A, downregulate precore mRNA and slightly increase 
the efficiency of  pregenome mRNA and core mRNA[9]. 
Additionally, the mechanism of  HBeAg reduction through 
subtype-specific nucleotide substitutions just prior to the 
start of  the precore open reading frame (ORF), known as 
“Kozak sequence” in the African subtype of  HBV/A, has 
been shown in an in vitro study[10].

In Africa, the distribution of  HBV genotypes is HBV/
A in the South, HBV/D in the North, and HBV/E in the 
West. For HBV/E, only four human HBV/E full genomes 
have been reported so far, and the virological and clinical 
characteristics have not yet been sufficiently clarified.

In this study, the distribution of  HBV genotypes in the 
Republic of  Benin was investigated for the first time, and 
the virological and clinical characteristics of  the dominant 
genotype were analyzed.

MATERIALS AND METHODS

Patients
Five hundred blood donors, who visited the National 
Blood Transfusion Center in the Republic of  Benin 
in 2002, were screened for hepatitis B surface antigen 
(HBsAg). Twenty-four were positive for HBsAg (4.8%). 
Sera from 21 donors were available in this study (17 males, 
3 females, unknown in 1; mean age, 23.1±6.7 years). All 
the donors were negative for the antibody to HIV-1 (anti-
HIV) and the antibody to human adult leukemia virus 1 
(anti-HTLV-1). The antibody to hepatitis C virus (anti-
HCV) was positive in one donor. Informed consent was 
obtained from each patient.

Serological testing
HBsAg, ant i -HCV, and ant i -HTLV-1 were tested 
by counting immunoassay (PAMIA, Sysmex, Kobe, 
Japan). HBeAg and the antibody to HBeAg (anti-
HBe) were determined using a commercially available 
chemiluminescent enzyme immunoassay (EIA, Lumipulse 
f, Fujirebio Inc., Tokyo, Japan). Aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and total bilirubin 
(T-Bil) were measured in all the samples.

Genotyping
The HBV genotypes were determined in the sera using 
an EIA with pre-S2 specific mAb[12,13]. When the result of  
the EIA method was indeterminate, HBV genotypes were 
detected by restriction fragment length polymorphism, as 
previously described[14].

PCR amplification and sequencing of HBV
The serum samples were stored at -80 °C until use. 
Total DNA was extracted from 100 µL of  serum using 
microspin columns (QIAamp Blood kit, Qiagen KK, 
Tokyo, Japan). Purified DNA was resuspended in 80 µL
of  distilled water. PCR was carried out by the same 
protocol as described previously[15]. Nucleotide sequences 
of  the amplified products were determined directly by the 
dideoxy method, using the ABI Prism BigDye Terminator 
Cycle Sequencing Ready Reaction kit with a fluorescent 
3100 DNA Sequencer (Applied Biosystems, Foster City, 
CA, USA).
 
Real-time detection polymerase chain reaction (RTD-PCR) 
serum HBV DNA was quanti tat ively detected by 
RTD-PCR based on Taqman chemistry as reported 
previously[16]. Amplification was performed using primers 
corresponding to conserved sequences of  the surface 
region. A 10-µL aliquot of  DNA solution was used 
for RTD-PCR. A portion of  the HBV surface region 
was amplified using primers: a forward primer HBSF2 
(5’-CTTCATCCTGCTGCTATGCCT-3’, nucleotide 
position (nt) 406-426) and a reverse primer HBSR2 (5’
-AAAGCCCAGGATGGGAT-3’, nt 646-627). A taqman 
probe was designed as HBSP2 (5’-ATGTTGCCCTT
TGTCCTCCTCTAATTCCAG-3’, nt 461-488), with 
an additional G at the 3’-end of  HBSP2 in the original 
method, the detection limit of  this system was as low as 
five DNA copies/assay, and linear standard curve was 
obtained from 5 to 106 DNA copies/assay.

Phylogenetic analysis
Complete sequences of  21 HBV isolates were aligned with 
the CLUSTAL W software program[17], and the alignment 
was confirmed by visual inspection. Genetic distances were 
estimated by the six-parameter method, and phylogenetic 
trees were constructed by the neighbor-joining method 
using ODEN program of  the National Institutes of  
Genetics (Mishima, Japan)[18]. To confirm the reliability 
of  the phylogenetic trees, bootstrap resampling tests were 
performed 1 000 times.

RESULTS
HBV genotypes
Distribution of  HBV genotypes among 21 HBV carriers 
in the Republic of  Benin was 20/21 (95.2%) for HBV/E, 
and 1/21 (4.8%) for HBV/A. HBV/B, C, D, F, and G 
were not found. HBV/E was the predominant genotype in 
the Republic of  Benin.

Clinical characteristics of asymptomatic HBV carriers in 
the Republic of Benin
HBeAg was positive for 4/21 (19.0%) subjects, and anti-
HBe was positive for 17/21 (81.0%) subjects. The titers 
of  four HBeAg-positive subjects were beyond the upper 
detection limit. In order to clarify the clinical characteristics 
of  asymptomatic HBV carriers in this country, the clinical 
and laboratory data between HBeAg-positive patients 
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and anti-HBe-positive patients were compared (Table 1).
The mean age of  the HBeAg-positive group was not 
lower than that of  the anti-HBe-positive group. As a 
matter of  course, the difference in the mean HBV DNA 
titer between the two groups was statistically significant 
(P<0.0005). HBV DNA titers in anti-HBe-positive 
subjects were quite low. To examine the correlation 
between age and HBeAg/anti-HBe status in detail, the 
age-specific prevalence of  the HBeAg/anti-HBe status in 
19 HBV/E subjects was analyzed. Seroconversion (SC) 
during the late teens occurred in 7 of  19 subjects (36.8%, 
Figure 1). This was the reason why the comparison of  age 
between the two groups was not statistically significant.

Phylogenetic analysis of four strains
HBV full genomes of  four HBeAg-positive patients 
were determined to have a nucleotide length of  3 212 bp. 
Phylogenetic analysis of  the complete genome sequences 
of  these four strains compared to those of  22 HBV strains 
from the DDBJ/GenBank/EMBL database showed 
that four strains clustered with five other HBV/E strains 
(accession numbers: X75657, X75664[2]; and AB032431[19]; 
AB091255, AB091256[11]) (Figure 2). The nucleotide 
homology within the HBV/E cluster ranged from 96.7% 
to 99.2%. In addition, the phylogenetic analysis of  four 
ORFs showed no recombination of  HBV/E strains 
in the Republic of  Benin (Figure 3). Genetic diversity 
among HBV/E strains was very low compared to the 

other genotypes, excluding HBV/G. The nucleotide 
sequence data reported in this article will appear in the 
DDBJ/GenBank/EMBL nucleotide sequence databases 
with the accession numbers AB201287-90.

Characteristics of nucleotide substitutions in BCP and 
precore region
In order to find out the HBV/E-specific nucleotide 
substitution associated with HBe protein production, the 
BCP to the precore region of  nine HBV/E strains and 
the strains of  six genotypes were compared (Figure 4). 
The representative nucleotide sequences of  HBV/A (Aa- 
Ae), B, C, D, F, and G were determined by aligning five 
sequences of  each genotype, and the consensus nucleotide 
was deduced, if  the identical nucleotide was detected in 
60% or more of  the sequences. In the BCP, the nucleotide 
substitution at A1757 was observed in all the strains of  
HBV/E. This substitution was not found in HBV/A-C, 
HBV/F, and HBV/G, but was found in more than half  
of  HBV/D[20]. BCP double mutation (T1762/A1764) 
was not found in the HBV/E strains; however, T1772C 
substitution was found in all the HBV/E strains as well 

Table 1 Comparison of clinical characteristics between HBeAg-
positive and anti-HBe-positive subjects                

                                HBeAg-positive (n = 4)     Anti-HBe-positive (n = 17)       P       

Age (yr)                        21.25 ± 2.21                         23.5 ± 7.421                     NS2

Sex (M/F)                    2/2                               1/151                         NS3

Genotype (A/E)        0/4                               1/16                         NS3

AST (IU/L)   25.8 ± 8.3                           18.0 ± 5.4      NS2

ALT (IU/L)   11.5 ± 10.3                             5.7 ± 1.5                        NS2

T-Bil (mg/dL)   0.50 ± 0.35                           0.57 ± 0.41     NS2

HBV DNA                        7.76 ± 0.29                               < 2.6                   < 0.00052

(log (copies/mL)  

1Sex and age unknown in one subject. 2P values were calculated by Welch’
s t-test. 3P values were calculated by Fisher’s exact test. AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; T-Bil, total bilirubin.
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as in HBV/B, C and F. Other sequences in the BCP were 
conserved irrespective of  genotypes, except for the above 
mutations. One HBV/E isolate had T1809 substitution 
prior to the start of  precore ORF, which is recognized 
as the Kozak sequence frequently found in HBV/Aa. 
Precore stop mutation (A1896) was not found in the 
HBV/E.

DISCUSSION
In this study, the distribution of  HBV genotypes among 
blood donors in the Republic of  Benin was analyzed 
for the first time. In Africa, HBV/D is dominant in 
the Northern region[21], with HBV/A found in South 
Africa. HBV/E is the major genotype in the Republic of  
Benin. This agrees with previous reports that HBV/E 
is prevalent mainly in West Africa[2,11,22]. In addition, the 
distribution of  HBV/E is restricted to West Africa, unlike 
other genotypes. Though slaves have migrated from West 
Africa to North America, HBV/E is not found in USA, 
suggesting that genotype E emerged from the mid to late 

19th century[22,23].
East Asia and Sub-Saharan Africa are the two most 

HBV endemic areas; however, clinical differences have 
been shown between the two areas. Vertical transmission 
is the main route in Asia, whereas horizontal transmission 
is the main route in Africa, and SC occurs much earlier 
in Africa than in Asia[24,25]. It is important to examine the 
clinical characteristics of  asymptomatic HBV carriers 
in Benin, which reflect the characteristics of  HBV/E, 
because there are only a few reports concerning the clinical 
characteristics of  HBV/E. As shown in Figure 1, SC is 
thought to occur at a young age in subjects with HBV/E 
in Benin. These data might explain one of  the reasons 
why vertical transmission does not occur in West Africa. 
Recently, the difference in SC between HBV/B and HBV/C 
in Taiwan was reported[5]. SC occurs a decade earlier in 
HBV/B patients[26,27] and the mean SC age in HBV/B is 
approximately 30 years. In comparison with HBV/B, the 
mean SC age in HBV/E occurs even earlier. These data 
lead us to speculate that HBV/E has a better prognosis 
than other genotypes in terms of  chronic liver disease. 
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Figure 3  Phylogenetic trees representing the large S gene (A), and precore region plus core gene (B) along with the strains of the other six genotypes and WMHBV.
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Figure 4  Nucleotide sequences constituting parts 
of the BCP to the precore of nine HBV genotype E 
isolates with the consensus sequences of the other six 
genotypes. The four Benin isolates determined in this 
study are shaded in gray.

Regarding hepatocellular carcinoma (HCC), a report 
from Gambia, where HBV/E is the most prevalent, 
revealed that chronic HBV infection is associated with 
HCC development at a younger age[28]. Infection with 
HBV/B is associated with HCC development at a young 
age in Taiwan[5]. In this sense, HBV/E in West Africa 
is clinically more similar to HBV/B than HBV/C, and 
virologically, HBV/E and HBV/B have a high frequency 
of  a precore mutation, G1896A, in common[11,29]. Further 
information about the clinical characteristics of  HBV 
genotypes might reveal the reason why the age of  SC and 
the age-related HCC incidence differ among genotypes.

So far, only five complete genomes of  HBV/E (one 
from a chimpanzee) have been reported. By adding the four 
complete genomes reported here, phylogenetic analyses 
of  the full genome and ORFs show much more clearly 
that HBV/E has a low genetic diversity, as previously 
reported[11,22,23]. Although subtypes of  HBV/B, which 
have recombination in the BCP to the core region[7] and 
subtypes of  HBV/A[8,30] have been reported, the analysis 
of  nine HBV/E genomes shows neither the possibility of  
subtypes nor the possibility of  recombination.

As mentioned above, HBV/A is divided into two 
subtypes: HBV/Aa, ‘Aa’ indicates Asia and Africa, and 
HBV/Ae, ‘Ae’ indicates Europe[8,30]. Subtype HBV/Aa 
has subtype-specific substitutions just before precore start 
codons, known as the “Kozak sequence”. Substitutions 
reduce the HBeAg expression[10,31]. Hence, genotype- 
and subtype-specific nucleotide substitutions in the BCP 
region are crucial, not only in viral replication but also 
in HBe SC. In this study, we identified the mutation in 
the BCP, A1757, in HBV/E. Other genotypes have G1757 

except for HBV/D, in which A1757 is observed in about 
70%[20]. BCP has been identified as a sequence that 
regulates both precore and pregenomic messages[32]. The 
core promoter A1762T and G1764A double mutation 
is known to downregulate precore mRNA but does 
not seriously affect pregenome mRNA[33]. The double 
mutation (1762/1764) occurs over time, as the viral load 
and HBeAg/anti-HBe status change, and the sequences 

around the double mutations are conserved irrespective of  
the genotype so far. However, HBV/E seems to possess 
1757A from the early stage of  the infection, similar to 
Kozak sequence substitutions in genotype Aa. Thus, the 
different functions in relation to nuclear receptor binding 
between 1757G and 1757A was shown in an in vitro study, 
when the mechanism of  suppression of  HBV precore 
RNA transcription by core promoter double mutation was 
sought. The double mutation in 1762 and 1764 changes 
the nucleotide sequences of  the nuclear-factor binding 
site of  BCP. When the mutation occurs, the nuclear factor 
known as COUP TF I cannot bind to BCP. Instead, a 
different nuclear factor, HNF1, binds, and this alters the 
efficiency of  precore and core mRNA transcription. The 
artificial mutation was created with the intention to create 
a sequence that neither COUP TF I nor HNF-1 can bind. 
This mutation is G1757A, and the mutation abolishes 
both the nuclear factors (COUP TFI and HNF1) binding 
to BCP in the in vitro experiment[34]. This unique mutation 
and its alteration of  nuclear factor binding capacity to the 
BCP region might influence the clinical characteristics 
of  HBV/E. Further studies, including in vitro studies, are 
expected.
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Abstract
AIM: To examine the serum from black African patients 
with acute hepatitis B to ascertain if integrants of viral 
DNA can be detected in fragments of cellular DNA 
leaking from damaged hepatocytes into the circulation.

METHODS: DNA was extracted from the sera of five 
patients with uncomplicated acute hepatitis B and one 
with fulminant disease. Two subgenomic PCRs designed 
to amplify the complete genome of HBV were used and 
the resulting amplicons were cloned and sequenced.

RESULTS: HBV and chromosomal DNA were amplified 
from the sera of all the patients. In one patient with 
uncomplicated disease, HBV DNA was integrated into 
host chromosome 7 q11.23 in the WBSCR1 gene. The 
viral DNA comprised 200 nucleotides covering the S and 
X genes in opposite orientation, with a 1 169 nucleotide 
deletion. The right virus/host junction was situated at 
nucleotide 1 774 in the cohesive overlap region of the 
viral genome, at a preferred topoisomerase I cleavage 
motif. The chromosomal DNA was not rearranged. 
The patient made a full recovery and seroconverted 
to anti-HBs- and anti-HBe-positivity. Neither HBV nor 
chromosomal DNA could be amplified from his serum at 
that time.

CONCLUSION: Integration of viral DNA into chromosomal 
DNA may occur rarely during acute hepatitis B and, with 
clonal propagation of the integrant, might play a role in 
hepatocarcinogenesis.

© 2005 The WJG  Press and  Elsevier  Inc.  All rights  reserved.
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INTRODUCTION
Hepati t is B Virus (HBV), the prototype member 
of  the family Hepadnaviridae, belongs to the genus 
Orthohepadnavirus. Compelling evidence supports a causal 
role for chronic HBV infection in hepatocellular carcinoma 
(HCC)[1,2]. Less certain is the pathogenesis of  HBV-induced 
HCC. Direct and indirect carcinogenic mechanisms have 
been implicated, the latter mainly by the frequency with 
which this tumor co-exists with cirrhosis[3,4]. Evidence for 
a direct effect is provided by the development of  HCC in 
an otherwise normal liver (in as many as 40% or more of  
black African patients[5]) and by observations in a variety 
of  animal models. The latter include the development 
of  HCC in the absence of  cirrhosis, both in animals that 
were chronically infected with other members of  the 
family Hepadnaviridae[6-8] and in transgenic mice with HBV 
DNA incorporated into the germline[9]. Further support 
comes from the finding of  integrated hepadnaviral DNA 
in cellular DNA in HCCs in animal and human hosts[10-14]. 
The latter does not, however, prove that insertion of  
viral DNA is essential for hepatocarcinogenesis. If  clonal 
expansion of  integrated HBV DNA proves to be a pivotal 
step in hepatocarcinogenesis, the timing of  integration 
becomes important. Because HCC typically develops 
in patients chronically infected with HBV, it has been 
assumed that DNA insertion occurs at some point during 
persistent infection. Integration during the short period 
of  viral replication in acute hepatitis B had not been 
conclusively demonstrated[15-17]. However, in a recent study, 
integration of  HBV DNA was demonstrated in 3 of  19 
liver specimens from patients with acute hepatitis B, one 
of  whom had subacute fulminant hepatitis[18]. Moreover, 
a study in acutely infected ducks showed that insertion of  
duck HBV (DHBV) DNA into host DNA may occur as 
early as d 6 after the infection[12]. HCC does not, however, 
develop in ducks chronically infected with DHBV. The 
time at which integration occurred was studied in the 
liver tissue and a similar study could not, for obvious 
ethical reasons, be performed in human beings with acute 
hepatitis B.
    In a previous study, primers used to amplify the 
complete genome of  HBV were found to amplify 
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chromosomal DNA also. Taking advantage of  this 
phenomenon and the leakage into the bloodstream of  
fragments of  cellular DNA from damaged hepatocytes 
during acute liver injury[19,20], we examined the serum of  
patients with acute hepatitis B for integrated HBV DNA.

MATERIALS AND METHODS
Patients studied
Blood samples were drawn, with informed consent, 
from six South African blacks suffering from acute 
hepatitis B during the peak of  the disease or shortly 
thereafter. Permission to undertake this study was given 
by the Human Ethics Committee of  the University 
of  Witwatersrand. In five patients, the il lness was 
uncomplicated, and all recovered completely; the remaining 
patient had fulminant hepatitis B and died of  liver failure. 
Alanine aminotransferase levels in the early stages of  the 
illness ranged between 799 and 4 747 IU/L. The patients 
varied in age from 18 to 32 years: 3 were males and 3 
females. Serum known to be HBsAg-positive and HBsAg-
negative was used as positive- and negative-extraction 
controls, respectively. The sera were stored at -70 °C until 
analyzed.

DNA extraction, amplification, cloning, and sequencing
Total DNA was extracted from the sera using the QIAamp 
DNA Mini Kit (QIAGEN GmbH, Hilden, Germany), 
according to the manufacturer’s instructions. Two 
subgenomic PCRs designed to amplify the complete 
genome of  HBV were used and the resulting amplicons 
were cloned and sequenced. A modification of  the 
method of  Takahashi K et al[21] was used, which involved 
the amplification of  two overlapping fragments of  HBV, 
fragment A (1.35 kb) and fragment B (2.2 kb). However, 
this amplification designed for amplification of  viral DNA 
also fortuitously, randomly recognized chromosomal 
DNA, leading to the amplification of  genomic DNA in 
addition to HBV DNA. The sequence of  the primers is 
given in Table 1. The reaction mix for the amplification 
consisted of  2.25 μL 10× Ex Taq buffer with 20 mmol/
L MgCl2 set as subscript, 2 μL 2.5 mmol/L dNTP mix, 
1.25 μL each of  the appropriate primers (Table 1), 2.5 μL 
DNA, made up to 22.5 μL with water (SABAX water for 
injection, Adcock Ingram, Johannesburg, South Africa). 

The enzyme mix was made up of  1.875 μL water, 0.25 μL 
10× Ex Taq and 0.375 μL TaKaRa Ex Taq polymerase 
[TaKaRa Biotechnology (Dalian) Co., Ltd., Shiga, Japan]. 
The 22.5μL reaction mix was preheated to 94 °C for 2 
min and 2.25 μL TaKaRa Ex Taq enzyme mix was added 
at the first annealing step. This was followed by 40 cycles 
of  amplification with the cycling profile shown in Table 1. 
Both HBV-positive and HBV-negative controls were 
included. The latter consisted of  water instead of  DNA in 
the PCR mixture. To avoid cross-contamination and false-
positive results, the precautions and procedures suggested 
by Kwok and Higuchi[22] were strictly adhered to. DNA 
extraction, PCR amplification, and electrophoresis were 
performed in physically separated venues.
    Amplicons were cloned into a pPCR-ScriptTM Amp 
SK+ vector (Stratagene, La Jolla, CA, USA) according to 
the protocol provided by the manufacturer. The positive 
clones containing either inserts of  the correct or shorter 
size were prepared for direct sequencing using the BigDye 
Terminator v3.0 Cycle Sequencing Ready Reaction Kit 
(Applied Biosystems, Foster City, USA) and sequenced on 
a 377 DNA automated sequencer (Applied Biosystems, 
Inc.) using primers T3 (5’-AATTAACCCTCACTAAAGG
G-3’) and T7 (5’-GTAATACGACTCACTATAGGGC-3’). 
All sequences were analyzed in both forward and reverse 
directions.

RESULTS
In addition to yielding amplicons of  the expected size, 
i.e., 1.35 kb for fragment A and 2.2 kb for fragment 
B, the two subgenomic PCRs designed to amplify the 
complete genome of  HBV gave rise to smaller amplicons 
ranging in size from 100 to 750 bp. These amplicons were 
successfully cloned into a pPCR-ScriptTM Amp SK+ vector 
(Figure 1) and a number of  clones from each of  the six 
patients were sequenced (Table 2).
    The majority of  the clones contained HBV DNA 
only and the detailed analysis of  these sequences will be 
published elsewhere. Fortuitously, the primers designed for 
the amplification of  viral DNA amplified Chromosomal  
DNA was amplified in 5 patients using primers designed to 
amplify fragment A (Table 1) and in the remaining patient 
with primers designed to amplify fragment B. As shown
in Table 2, the chromosome number and the lengths 

Table 1 Oligonucleotide primers and PCR cycling profiles used in the study

Fragment      Primer     Position1                           Sequence                                                 Denaturation        Annealing         Extension                            Size2

                       
     A                455(+)           455-474             5’-CAAGGTATGTTGCCCGTTTG-3                                                                                                                                           1 345
                                        1 800(–)        1 800-1 773       5’-AGACCAATTTATGCCTACAGCCTCCTA-3’                   94 °C 30 s            62 °C 30 s        72 °C 90 s
                                                                            
     
     B   1 687(+)    1 687-1 708       5’-CGACCGACCTTGAGGCATAC-3’                               
                       685(-)           704-685             5’-CGAACCACTGAACAAATGGC-3’                                     94 °C 30 s            63 °C 30 s       72 °C 30 S                              2 198

(+) sense   (–) anti-sense. 1Denotes the nucleotide position of HBV adw genome (GenBank accession no. V00866) where the EcoRI cleavage 
site is position 12. Size of the amplicons in base pairs.                                                                                                   
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Table 2 Summary of cloning and sequencing results

Patient details PCR                                                                        Number of clones                                                                                   Chromosome number  
                                     fragment1                                                                                                                                                                                                             and length

No.      Sex    Age                 Sequenced             With vector                With HBV               WithHBV/ chromosomal          With chromosomal

                     (yr2)                                                              DNA                    DNA only                           DNA                              DNA only

                                                                                                                                                     
355         F    18 B    5            1                        3                           0                         1                                7 (117 bp)
8225       M    23 A    3            0                        2                           0                         1                                1 (278 bp)
                                         B    4            0                        4                           0                         0                                 –
28           M    26 A    4            0                        2                           0                         2                                4 (512 bp)
                                                                                                                                                                                                                                                                 16 (140 bp)
                                         B   4            0                        4                           0                         0                                –
4038       F   27 A   6            0                        5                           0                         1                                1 (97 bp)
  B   4            0                        4                           0                         0                                 –
52833     F   32 A  12            2                        6                           0                         4                               4 (456 bp)
                                                                                                                                                                                                                                                                10 (235 bp)
                                                                                                                                                                                                                                                                10 (330 bp)
                                                                                                                                                                                                                                                                2 (422 bp)
  B  4           0                       4                           0                         0                                –
0962      M   27 A  8           0                       4                           1                         3                              1 (300 bp)
                                                                                                                                                                                                                                                               14 (410 bp)
                                                                                                                                                                                                                                                               17 (410 bp)
                      B 5          0                      5                           0                         0                              –

1Fragment A amplified with primers 455 (+) and 1 800 (–); fragment B amplified with primers 1 687 (+) and 685 (–).2 yr, years; bp, base pairs; 
3Patient with fulminant hepatitis.

Figure 1 Ethidium bromide stained with 1% agarose gel showing pPCR-Script 
Amp SK(+) plasmid containing amplicons restricted with PvuII. In panel A, the 
fragments cloned were amplified with primers 455(+) and 1 800(–). Lanes 1-4, 8, 
and 10 show the expected size insert of -1.8 kb for fragment A amplicon (1.3 kb) 
whereas lanes 5-7, 9, and 11-16 show shorter inserts ranging in size 0.6-1.1 kb. 
In panel B, the fragments cloned were amplified with primers 1 687(+) and 685(–). 
Lanes 3-6 and 9 show the expected size insert of -2.65 kb for fragment B amplicon 
(2.2 kb), lane 7 is vector alone and lanes 1, 2, 8-11 show shorter inserts ranging 
in size 0.5-1.2 kb. M: Promega 1 kb molecular weight marker, V: vector, I: insert of 
expected size (A and B).

1     2    3    4    5    6    7    8     9  10     11    12    13    14    16  M 

1.0 kb

3.0 kb
2.0 kbV (2.5 kb)

I  (1.8 kb)

A

I (2.65 kb)

V (2.5 kb)

 1         2         3       4        5        6          M       7     8      9     10    11

1.0 kb

3.0 kb

2.0 kb

B

of  the fragments varied, although in three cases the 
fragment amplified corresponded to the sequences from 
chromosome 1. 

    In one patient with uncomplicated hepatitis B, HBV 
DNA was found to be integrated into host chromosome 
7q11.23 in the WBSCR1 gene using primers for fragment 
A. WBSCR1 corresponds to the eukaryotic initiation 
factor 4H identified in rabbits[23,24] and is within the region 
encompassing the elastin gene. This region is commonly 
deleted in patients with Williams–Beuren syndrome, 
giving rise to loss of  heterozygosity[24,25]. The viral DNA 
comprised 200 nucleotides covering the S and X genes in 
opposite orientation, with an 1 169 nucleotide deletion 
(Figure 2). The right virus/host junction was situated at 
nucleotide 1 774 in the cohesive overlap region of  the viral 
genome, at a preferred topoisomerase I cleavage motif  
(TAA). The left virus/host junction of  the integrant was 
not identified and, therefore, the length of  the integrant 
could not be determined. Following phylogenetic analysis 
of  the 175 nucleotides of  the S region (nucleotides 4-630), 
the sequence clustered with subgenotype A1 of  genotype A, 
which is the predominant genotype in southern Africa[26-28] . 
When the 175 nucleotides of  the insert covering the S 
region were translated, starting at nucleotide 3 of  the 
fragment, the amino acid at position 122 was K, which 
is characteristic of  serotype ad. Amino acid 160, which 
encodes for the w/r determinant, was not included in this 
fragment and, therefore, we cannot conclusively determine 
the serotype, although we can probably assume that the 
determinant is w because the predominant serotype in 
southern Africa is adw. The nucleotide sequence of  the 
chromosomal DNA (262 bp) was completely conserved 
and not rearranged. The 3’ end was amplified by primer 
1 800 (-) (Table 1). A BLAST search[29] revealed that in 
addition to binding to chromosome 7, the primer 1 800 (–) 
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Figure 2 Schematic representation of the HBV DNA integrant amplified from 
the serum of acute hepatitis patient (#0962) using primers 455 (+) and 1 800 (–) 
and cloned into pPCR-Script Amp SK (+) plasmid relative to the HBV genome. 
The lower part of the figure represents the genetic organization of the four open 
reading frames of HBV, preC/C: precore/core, P: polymerase gene, S: surface 
gene and X: X gene. Numbering according to nucleotide position of HBV GenBank 
accession no. V00866 where the EcoRI cleavage site is position 1.

(Table 1) has identical sequences on human chromosomes 
2, 3, 12, 13, 20, 22, and Y. The sequence of  the integrated 
HBV DNA and flanking the chromosomal DNA has been 
deposited in GenBank (accession no. AY223548).
    The patient with the integrant was a 27-year-old 
Xhosa gold-mine laborer, who was previously healthy 
and presented with the typical clinical features of  
uncomplicated acute viral hepatitis. When he was first 
tested, the tests of  liver function showed a serum bilirubin 
concentration of  257 μmol/L (conjugated bilirubin 
228 μmol/L), alkaline phosphatase 91 IU/L, γ-glutamyl 
transferase 94 IU/L, alanine aminotransferase 3 238 IU/L, 
aspartate aminotransferase 2 781 IU/L, and albumin 4 g/L. 
HBV surface antigen, e antigen, and IgM core antibody 
were present in the serum. The patient made an uneventful 
and complete recovery, with return of  biochemical tests 
to normal and disappearance of  surface and e antigens 
and the appearance of  IgG core antibody and antibody 
to surface and e antigens in his serum. HBV DNA could 
not be detected in the serum. after he had recovered and 
cloning and whole genome sequencing were not attempted 
at that time.

DISCUSSION
Unlike retroviruses, in which insertion of  viral DNA into 
host DNA is integral to the replication cycle, integration 
does not occur during normal hepadnaviral replication. 
Integ rat ion of  hepadnaviral DNA may, however, 
take place as a result of  an illegitimate recombination 
mechanism mediated by cellular enzymes[12,30]. Clonally 
propagated integrations have been detected in the 
majority of  HCCs that develop in the presence of  chronic 
hepadnaviral infection[6-10] and have been incriminated in 
the hepatocarcinogenesis that often complicates persistent 
infection. HBV DNA insertions are found at random sites 

in human cellular DNA, although some chromosomes are 
affected more often than others[31]. In the present study, 
we detected an integrant in chromosome 7 of  an acute 
hepatitis B patient.
    Although we cannot exclude the possibility that the 
HBV integrant amplified was the result of  a PCR artefact, 
there are a number of  observations that argue against 
this interpretation and support our conviction that this 
integrant was authentic.
    Firstly, the site of  integration in chromosome 7q11.23 
is within the WBSCR1 gene. This gene corresponds to 
the eukaryotic initiation factor 4H identified in rabbits[23,24] 

and the integrant is within the region commonly deleted 
in patients with Williams-Beuren syndrome, giving rise to 
loss of  heterozygosity[24,25]. Moreover, the WBSCR1 gene 
contains a high abundance of  Alu repeats[24], repetitive 
elements that have been shown to be the preferred sites 
for recombination and for HBV DNA insertion[32]. 
Analogously the sites of  integration in the three patients 
with acute hepatit is B reported by Murakami and 
coworkers[18] were the intronic sequence of  the tumor 
necrosis factor-induced protein gene and a repetitive 
sequence in the two patients with a single integrant; and 
the intronic sequence of  a hypothetical protein gene (LOC 
169443) and a repetitive sequence in the patient with two 
integrants.
    Secondly, the region of  HBV integrated (position 
1  7 7 4-1 799 from EcoRI site) is a highly preferred site 
of  integration of   hepadnaviral DNA, that is, close to the 
11-bp direct repeat sequence DR1 (position 1 824-1 834) 
and within the cohesive overlap region between DR1 and 
DR2[33].
    Thirdly, the one viral DNA/chromosomal DNA 
junction in the single integrant detected in our patient with 
acute hepatitis B was located at nucleotide 1 774 of  the 
viral genome, a highly preferred topoisomerase I cleavage 
motif. Linear hepadnaviral DNA is the primary substrate 
for integration[12,30], and the circular DNA must first be 
linearized before integration can take place. Insertion is 
then accomplished by strand invasion of  cellular DNA. 
Thus, integration of  viral DNA into chromosomal 
DNA requires that the linear DNA be imported into the 
nucleus of  the infected cell[30,34,35]. Wang and Rogler[30] 

have produced experimental evidence for a key role for 
the cellular enzyme topoisomerase I in the illegitimate 
recombination between hepadnaviral and host DNA. 
A role for this enzyme in illegitimate recombination 
is supported both by the finding of  highly preferred 
topoisomerase I cleavage motifs in the immediate vicinity 
of  almost all crossover sites in mammalian DNA, and by 
the observation that integrants in WHV-induced HCC 
in woodchucks occurred at preferred topoisomerase 
I cleavage sites[30].Fourthly, the integrated HBV DNA 
covered the S and X regions, the open reading frames most 
commonly integrated into chromosomal DNA[36].
    Finally, the integrant detected in the serum of  our 
patient with acute hepatitis B conformed in general 
to the integrants described in HCC developing in the 
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presence of  chronic HBV infection[31]. It contained a 
long deletion (1 169 nucleotides in length), and the 
viral DNA between the right end of  the deletion and 
the right virus/chromosome junction was inverted X 
sequence (Figure 1). One or more deletions or other more 
complex rearrangements are invariably found in inserted 
hepadnaviral DNA[10,31], indicating that specific mechanisms 
for integration of  functional viral DNA into chromosomal 
DNA are not encoded by the virus. Simple microdeletions 
are most common, probably because the single-stranded 
ends of  viral DNA resulting from topoisomerase I 
cleavage are sensitive to cellular nucleases. The larger 
deletions and complex rearrangements of  the viral DNA 
are generally believed to occur after the integration[37], 
although WHV with extensive rearrangements of  DNA 
has been described in hepatocyte nuclei in woodchucks[38] 
and there is some evidence in these animals that DNA 
rearranged in this way may be preferentially integrated[39]. 
Similarly, Yaginuma et al[40] observed features of  HBV 
integration to be common to HCC and patients with 
chronic active hepatitis and an analogous integrant to the 
one detected in this study has been described in a 9-year-
old child with HCC[41].
    Integration of  hepadnaviral DNA into host DNA is 
normally rare, perhaps because recycling of  viral DNA 
into the nucleus is at a low level during productive 
infection[12]. The frequency of  integration of  DHBV in 
experimentally infected ducklings was estimated to be one 
viral genome per 103-104 cells by 6 d after the infection[12]. 
It is not known if  these recombination events occurred in 
many cells or if  a few cells produced many such events. 
In keeping with the belief  that insertion events are 
uncommon, we found only a single integrant among many 
clones in only one of  6 patients with acute hepatitis B. Our 
finding, and that of  others[12,18], of  integrated viral DNA in 
early infection is in accordance with the observation, that 
importation of  linear DNA into the nucleus is necessary 
for insertion of  viral DNA into chromosomal DNA, and 
that such importation is known to occur in the phase of  
cccDNA amplification during the initiation of  infection[42].
Opportunities for viral integration beyond the early 
phase of  infection would require continued importation 
of  viral DNA into the nucleus, depend on new rounds 
of  infection or loss and replacement of  cccDNA by cell 
turnover[12]. Thus, insertion of  linear forms of  viral DNA 
may occur preferentially during early phases of  infection 
or during periods of  extensive hepatocyte turnover and/or 
re-infection, at times when linear viral DNA is imported 
into the nuclei. Integration may be enhanced during these 
periods by the availability of  DNA ends resulting from 
DNA replication or damage[43]. Alternatively, interference 
with the normal replication cycle at some stage in chronic 
infection may result in the accumulation of  linear forms of  
DNA, and there is some evidence for defective replication 
of  HBV and accumulation of  replicative intermediates in 
patients with HBV-associated HCC[44].
    The clinical, biochemical, and serological features of  
the acute hepatitis B in the patient with the integrant did 
not differ obviously from those in the other patients with 

uncomplicated disease. He made a complete clinical and 
biochemical recovery, and seroconverted to anti-HBs and 
IgG anti-HBc. At this stage, HBV DNA could no longer 
be detected in his serum by PCR amplification and further 
cloning was not attempted. Even if  the integrated HBV 
DNA was still present in hepatocytes, it would not be 
detected in peripheral blood once healing of  hepatocyte 
cell membranes had taken place. Thus, persistence of  the 
integrated HBV DNA could only have been detected by 
analysis of  liver tissue, and a liver biopsy was not felt to 
be justified. Although sources other than the liver for the 
chromosomal DNA amplified in the peripheral blood 
of  the six patients with acute hepatitis B (including the 
one with fulminant hepatitis) are possible (for example, 
peripheral blood mononuclear cells), the finding of  viral 
DNA integrated into host DNA in one of  the patients 
favors leakage of  chromosomal DNA fragments from 
damaged hepatocytes during the acute liver injury.
    Our finding of  an integrant in a patient with acute 
hepatitis B may have no significance in relation to 
subsequent HCC development. Clonal expansion of  an 
integrant is required for tumor formation, and the finding 
of  a viral insertion in a tumor may simply reflect the fact 
that the clonal progenitor of  the tumor happened to carry 
a viral integration[10]. Moreover, integrants may be lost 
from successive generations of  cells[45]. Nevertheless, it 
is in accordance with the observation made in ducks that 
hepadnaviral DNA insertion may occur at a very early 
stage of  infection, and raises the possibility that in certain 
circumstances early integration of  HBV DNA might play 
a role in HBV-induced hepatocarcinogenesis.
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Abstract
AIM: To investigate the relationship between certain 
biochemical parameters of lipid metabolism in the serum 
and steatosis in the liver.

METHODS: The grade of steatosis (0-3) and histological 
activity index (HAI, 0-18) in liver biopsy specimens 
were correlated with serum alanine aminotransferase 
(ALT), total cholesterol and triglyceride levels in 142 
patients with chronic hepatitis C (CH-C), and 28 patients 
with non-alcoholic fatty liver disease (NAFLD) without 
hepatitis C virus (HCV) infection. The serum parameters 
were further correlated with 1 797 age and sex matched 
control patients without any liver diseases.

RESULTS: Steatosis was detected in 90 out of 142 
specimens (63%) with CH-C. The ALT levels correlated 
with the grade of steatosis, both in patients with CH-C 
and NAFLD (P <0.01). Inserting the score values of 
steatosis as part of the HAI, correlation with the ALT 
level (P <0.00001) was found. The triglyceride and 
cholesterol levels were significantly lower in patients 
with CH-C (with and without steatosis), compared to the 
NAFLD group and to the virus-free control groups.

CONCLUSION: Our study confirms the importance of 
liver steatosis in CH-C which correlates with lower lipid 
levels in the sera. Inclusion of the score of steatosis into 
HAI, in case of CH-C might reflect the alterations in the 
liver tissue more precisely, while correlating with the ALT 
enzyme elevation. 
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INTRODUCTION
Hepatic steatosis is a frequent and characterist ic 
histological finding in patients with chronic hepatitis C 
(CH-C) in addition to bile duct damage and lymphoid 
follicles[1-5]. Fat accumulation in hepatocytes has been 
reported in 30-70% of  liver biopsy specimens obtained 
from patients infected with hepatitis C virus (HCV)[1-4]. 
Whether steatosis is mainly related to host factors or to 
the viral cytopathic effect is still uncertain and a matter 
of  dispute[6-15]. The pathogenesis of  development of  
steatosis in CH-C is complex; host factors including 
alcohol consumption, exposure to other hepatotoxins, 
obesity, insulin resistance, type 2 diabetes mellitus, 
hypertriglyceridaemia, hypobetalipoproteinemia have all 
been identified as determinants[8,12,16-18].

The most important question concerning the clinical 
significance of  steatosis in CH-C is whether l ipid 
accumulation influences the liver disease progression, 
affects treatment, or is solely an innocent bystander[5,19]. A 
role of  steatosis in the progression of  CH-C is suggested 
by the finding that the severity of  fat accumulation 
correlates with the stage of  fibrosis[20,21] and liver cell 
apoptosis[5]. Treatment with peginterferon or IFNα-2b 
and ribavirin has been found to reduce steatosis in HCV 
genotype 3 patients[1]. On the other hand, no significant 
association between the stage of  fibrosis and liver steatosis 
has been found by others[22]. In vitro studies and transgenic 
mouse model have both shown the HCV core protein 
to be capable of  inducing steatosis by itself[23,24], which 
suggests a direct effect of  specific viral sequences in the 
pathogenesis of  lipid accumulation. An association of  
nonstructural protein 5A (NS5A) with lipid droplets and 
apoA1 has also been observed[11].

The aim of  the present work was to study the changes 
in certain parameters of  lipid metabolism in patients with 
CH-C and compare the findings with the accumulation 
of  fat in liver biopsy specimens and with the histology 
activity index (HAI). For this reason the serum cholesterol 
and triglyceride levels of  CH-C patients were examined. 
Patients were selected on the basis of  the presence or 
absence of  steatosis in their liver biopsy specimens, as well 



as the absence of  other risk factors for developing steatosis 
from a broader HCV-positive group referred to our center 
for treatment of  chronic liver diseases. The results were 
compared to the lipid levels of  patients with non-alcoholic 
fatty liver disease (NAFLD) verified histologically (NAFL, 
obesity, diabetes mellitus), and with data of  a further 
control group: outpatients from the praxis without clinical 
and laboratory signs of  liver disease, with or without 
history of  alcohol abuse.

MATERIALS AND METHODS
Study population
A total of  142 patients with chronic HCV infection 
with no history of  alcohol consumption were studied 
before the treatment with antiviral drugs (Table 1). 
CH-C was diagnosed on the basis of  biochemical (serum 
aminotransferases greater than or equal to 1.5 times the 
upper normal value for at least 6 mo), serological (positivity 
for anti-HCV antibody, detection of  HCV-RNA in the sera 
using the Amplicor HCV assay, Roche, Mannheim) and 
histological findings in liver biopsy specimens. Among the 
patients, 90 (63%) had micro- or macro-vesicular steatosis 
in their hepatocytes. This group comprised 46 females 
(26 patients younger than 44 years, average 38 years; 20 
patients older than 45 years, average 52 years) and 44 
males (29 patients younger than 44 years, average 38 years; 
15 patients older than 45 years, average 51 years). There 
were 52 CH-C patients without steatosis, and this group 
comprised 17 females (10 patients younger than 44 years, 
average: 29 years; 7 patients older than 45 years, average: 
53 years) and 45 males (24 patients younger than 44 years, 
average: 34 years; 11 patients older than 45 years, average: 
49 years).

The control group was made up of  28 (16 males and 
12 females) patients with NAFLD without HCV infection 
(Table 1).

A total of  1 797 patients from the outpatient praxis 
served as another control group which was matched to 
the CH-C patients with regard to age (Table 1). The 133 
patients younger than 44-year-old female patients included 
125 non-alcoholic and 8 alcoholic, the 819 patients older 
than 45-year-old females included 803 non-alcoholic and 
16 alcoholic patients. Among the 146 patients younger 
than 44-year-old males, 60 were non-alcoholic and 86 
were alcoholic patients. Out of  the 699 patients older than 
45-year-old males, 509 were non-alcoholic and 190 were 

alcoholic patients (Table 1).

Laboratory, virology assessment
B l o o d s a m p l e s f o r t h e e va l u a t i o n o f  a l a n i n e 
aminotransferase (ALT), total cholesterol and triglyceride 
were obtained after overnight fasting. Routine biochemical 
tests were carried out using commercially available kits. 
The HCV-RNA was determined in the sera using an RT-
PCR assay (Amplicor, Roche, Mannheim), with a sensitivity 
of  70 copies/mL.

Histopathological evaluation
Liver biopsy was performed according to the Menghini 
technique. The biopsy specimens were formalin-fixed and 
paraffin-embedded, routinely stained with hematoxylin-
eosin, picrosirius red, and a Berliner-blue reaction was 
carried out for the detection of  iron. The slides were 
evaluated by two independent pathologists. A modified 
Knodell’s histological activity index score[25,26] was applied 
to semiquantitatively score necroinflammatory activity 
(grade 0-18) and fibrosis (stage 0-4). Steatosis was graded 
according to the percentage of  hepatocytes containing 
vacuoles in the cytoplasms (macro- or micro-vesicular 
steatosis). Steatosis was graded as follows, based on the 
percentage of  fat containing hepatocytes[18]: none (0); 
mild (1: <10% of  hepatocytes); moderate (2: 10-30% of  
hepatocytes); and severe (3: >30% of  hepatocytes). 

Statistical analysis
One-way analysis of  variance was used to differentiate the 
data among the groups. Pearson’s correlation coefficient 
was applied to measure the degree of  association between 
the variables. P < 0.05 values were corrected according to 
the Bonferroni method. All values were presented as mean
±SD.

RESULTS
Steatosis was detected in 90 out of  the 142 specimens (63%) 
with CH-C. The ALT levels were significantly higher in 
patients with grade 3 compared to grade 0 steatosis in the 
CH-C group (P < 0.01) (Figure 1). Significant correlation 
was found between the ALT level and HAI in the CH-C 
group without steatosis (r = 0.556, P < 0.0002) (Figure 2A), 
while this correlation could not be detected in the CH-C 
with steatosis subgroup (Figure 2B). Inserting the score 
values of  steatosis (0-3) as part of  the activity index (HAI) 

                 Male                                                                                             Female                                                                     Total

                                               <44 (yr)                         >45 (yr)                      total                       <44 (yr)                       >45 (yr)                        Total                                                                                        
HCV-infection:
With steatosis                                29                                15                           44                              26                                  20                               46                                        90
Without steatosis                          24                                11                           45                              10                                    7                               17                                        52

No HCV-infection
NAFLD                                          10                                  6                           16                                5                                     7                              12                                        28

No liver disease:
Non alcoholic                                 60                               509                         569                            125                                803                            928                                    1 497
        Alcoholic                                 86                               190                         276                                8                                  16                              24                                      300

Table 1 Study population with or without HCV-infection
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Figure 1 Differences of ALT levels in CH-C patients without steatosis (n = 52, 
grade 0) and with severe steatosis (n = 28, grade 3) (P < 0.01).
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Among the same groups, the cholesterol levels showed 
the same pattern as noted for the triglyceride levels. The 
only difference was that the young steatotic HCV infected 
male patients failed to show higher cholesterol levels, as 
was the case in relation to triglyceride (Figures 7A and B; 
8A and B). 

DISCUSSION
Liver steatosis is an important hallmark of  CH-C[1-4,8,10,13,27-29]. 
The mechanism of  HCV-related steatosis, however, is not 
exactly clear. Both metabolic[8,16-18,29,30] and viral cytopathic 
effects[7,10,11,13,24] have been suggested to play a role in the 
pathogenesis. The HCV viral components, especially the 
HCV-core protein, have been found in association with 
steatosis. Lipid droplets on which the core accumulated 
have been found in HCV-core-transfected cell lines 
strongly expressing this protein[24]. Hepatic overexpression 
of  the HCV-core protein has been shown to interfere with 
the hepatic assembly and secretion of  triglyceride-rich 
very low density lipoproteins (VLDL)[31]. Fatty change was 
detected in vivo in core-expressing transgenic mice too[23]. 
Chimpanzees chronically infected with HCV developed 
steatosis similarly to human beings[24]. The degree of  
steatosis in chimpanzees correlated with the amount of  
viral load and ALT[32].

More recently the NS5A of  HCV has been shown in 
association with lipid droplets and apoA1, suggesting that 
NS5A may contribute to the pathogenesis of  steatosis 
commonly observed in HCV-infected livers[11]. It has, 
however, been demonstrated that neither HCV viral load 
nor HCV genotype is associated with the severity of  
steatosis in certain studies[29,33].

HCV is a lipid-containing virus which binds to low 
density lipoprotein, VLDL, IgG and to a minor degree to 
IgM and high density lipoprotein[34]. This is in correlation 
with the finding that HCV infection is associated with 
hypo-β-lipoproteinemia, which occurs in the early 
stages of  HCV infection before the development of  
cirrhosis[16,35]. The correlation between apo B levels and 
HCV viral load confirms the interaction between HCV 
infection and β-lipoprotein metabolism. This suggests 
that β-lipoproteins competitively inhibit HCV infection, 
because both HCV and β-lipoprotein use the same LDL 
receptor[16].

of  chronic hepatitis, the correlation between the ALT 
level and histological scores of  inflammatory activity grade 
was confirmed again in the 142 CH-C patients (r = 0.41, 
P<0.00001) (Figure 2C). The ALT level also correlated 
with grade of  steatosis in patients without HCV infection 
(r = 0.533, P<0.005) (Figure 3), similarly to the CH-C 
patients. Upon comparing the ALT levels in patients with 
and without steatosis and with steatosis only, the highest 
ALT level was found in the steatotic CH-C group (Figure 4).

Triglyceride and cholesterol levels of  CH-C patients 
were subgrouped according to age and sex, with and 
without steatosis. The lipid values of  the CH-C groups 
were compared to the l ipid values of  the virus-
free steatotic patients. The data of  these subgroups were 
further compared based on their average age with the same 
age and sex group, as well as with the population from 
the outpatient praxis concerning drinking habits. The lipid 
levels of  CH-C patients with liver steatosis were compared 
to the levels noted in the drinking outpatients, while these 
data involving the CH-C patients without liver steatosis 
were related to the non-drinking outpatients (Figures 5A 
and B; 6A and B; 7A and B; 8A and B)

The triglyceride levels were low in all the eight 
separated subgroups with CH-C (with and without steatosis, 
female, male, young, and elderly patients) (Figures 5A 
and B; 6A and B). These levels were conspicuously lower 
compared to the same values of  the CH-C virus-free 
steatotic patients as well as to the drinker or nondrinker 
population. 
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Figure 2 Correlation between ALT levels and HAI/HAI+steatosis in CH-C patients. A: without steatosis (n = 52, r = 0.556, P < 0.00002); B: with steatosis (n = 90, NS); C: in 
CH-C patients (n = 142, r = 0.41, P < 0.00001).
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Figure 5 Triglyceride levels in CH-C female patients. A: With steatosis compared to outpatients with alcoholic habits; 
Bar 1: CH-C young female patients with steatosis (n = 26, average age 38 years);  Bar 2:  CH-C elderly female patients with steatosis (n = 20, average age 52 years);
Bar 3: Female patients with liver steatosis (n = 12); Bar 4: outpatientswith alcoholic habits (n = 8, age 38 years); Bar 5: outpatients with alcoholic habits
(n = 16, age 52 years).  Bar 1 Ns vs Bar 2. Bar 1 and  2 NS vs Bar 3. Bar1 and 2 P<0.004 vs Bar 4.   B: Without steatosis compared to outpatients without alcoholic habits. 
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Figure 3 Correlation between ALT levels and grade of steatosis in patients without 
CH-C (n = 28, r = 0.533, P<0.005).

Figure 4 ALT levels in CH-C patients without and with steatosis and in patients 
with steatosis without CH-C.  Bar 1: CH-C patients without steatosis
(n = 52). Bar 2: CH-C patients with steatosis (n = 90). Bar 3: 
Patients with liver steatosis without CH-C (n = 28) Bar 1 P<0.02 vs 
Bar 2. Bar 2 P<0.02 vs Bar 3.
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Figure 6 Triglyceride levels in CH-C male patients. A: Steatosis compared to outpatients with alcoholic habits; Bar 1: CH-C young male patients with steatosis
(n = 29, average age 37 years); Bar 2: CH-C elderly male patients with steatosis (n = 15, average age 52 years); Bar 3: Male patients with liver steatosis (n = 16); Bar 
4: Male outpatients with alcoholic  habits (n = 86, age 37 years); Bar 5: Male outpatients with alcoholic habits (n = 190, age 52 years). Bar 1 P<0.0001 vs Bar 4. Bar 2 
P<0.0001 vs Bar 4. Bar 4 P<0.0001 vs Bar 5. B: Without steatosis compared to outpatients without alcoholic habits.  Bar 1: CH-C young male patients without steatosis 
(n = 24, age 37 years); Bar2: CH-C elderly male patients without steatosis (n = 11, average age 49 years); Bar 3: Male patients with liver steatosis (n = 16); Bar 4: Male 
outpatients without alcoholic habits (n = 60, age 37 years); Bar 5: Male outpatients without alcoholic habits (n = 509, age 49 years). Bar 1 and 2 P<0.0005 vs Bar 3. Bar 3 
P<0.0005 vs Bar 4.
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Figure 7 Cholesterol levels in CH-C female patients. A: With steatosis compared to outpatients with alcoholic habits;  Bar 1: CH-C young female patients with steatosis 
(n = 26, average age 38 years); Bar 2: CH-C elderly female patients with steatosis (n = 20,average age 52 years); Bar 3: female patients with liver steatosis (n = 12); Bar 
4: female outpatients with alcoholic habits (n = 8, age 38 years); Bar 5: female outpatients with alcoholic habits (n = 16, age 52 years). Bar 1 NS vs Bar 2. Bar 1 and 2 
P<0.0001 vs Bar 3. Bar 1 P<0.0001 vs Bar 4. Bar 1 and 2 P<0.0001 vs Bar 5.   B: Without steatosis compared to outpatients without alcoholic habits.  Bar 1: CH-C young 
female patients without steatosis (n = 10, average age 29 years); Bar 2: CH-C elderly female patients without steatosis (n = 7, average age 53 years); Bar 3: female patients 
with liver steatosis (n = 12); Bar 4: female outpatients without alcoholic habits (n = 125, age 29 years); Bar 5: female outpatients without alcoholic habits (n = 803, age 53 
years).  Bar 1 NS vs Bar 2. Bar 1 P < 0.0001 vs Bar 3. Bar 1 P<0.0001 vs Bar 5. Bar 3 P < 0.0001 vs Bar 4.
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Figure 8 Cholesterol levels in CH-C male patients. A: With steatosis compared to outpatients with alcoholic habits; Bar 1: CH-C young male patients with steatosis
(n = 29, average age 37 years); Bar 2: CH-C elderly male patients with steatosis  (n = 15, average age 51 years); Bar 3: male patients with liver steatosis (n = 16); Bar 
4: male outpatients with alcoholic habits (n = 86,  age 37 years); Bar 5: male outpatients with alcohollic habits (n = 190, age 51 years). Bar 1NS vs Bar 2. Bar 1 and 2 
P<0.0001 vs Bar 3. Bar 1 and 2 P<0.0001 vs Bar 4.  B: Without steatosis compared to outpatients without alcoholic habits. Bar 1: CH-C young male patients without 
steatosis (n = 24, average age 34 years); Bar 2: CH-C elderly male patients without steatosis (n = 11, average age 49 years); Bar 3: male patients with liver steatosis (n = 
16); Bar 4: male outpatients without alcoholic habits (n = 60, age 34 years); Bar 5:Male outpatients without alcoholic habits (n = 509, age 49 years). Bar1NS vs Bar 2. Bar 1 
and 2 P<0.001 vs Bar 3. Bar 1 and 2 P<0.001 vs Bar 5. Bar 3 P<0.001 vs Bar 4. 

In certain studies, steatosis was found to accelerate the 
progression of  liver disease and correlate with specific 
HCV genotype[36]. In our study steatosis was detected in 
63% of  CH-C patients. The ALT-levels were statistically 
in correlation with the grade of  steatosis. Comparing 
the HAI and ALT levels, a significant correlation was 
found in the CH-C cases without steatosis, while no 
difference was found in the group with steatosis. Inserting 
the score values of  steatosis (0-3) into the score of  the 
grade of  necroinflammation, a significant correlation 
was detected for HAI and ALT levels. This suggests 
that inclusion of  the score of  steatosis into the grade, 
for measuring the necroinflammatory reaction in CH-C, 
might better reflect the alteration in the liver tissue and 
correlate with ALT enzyme elevation. Our data strongly 
suggest the importance of  steatosis in the virus related 

necroinflammatory process. Worsening of  steatosis was 
found as an independent factor in fibrosis progression in 
CH-C[37].

Regarding the different patient subgroups, the 
triglyceride levels revealed a marked low degree in the C 
virus-infected patients in comparison to the levels seen 
in the non-viral steatotic patients and in the relatively 
large number of  outpatients without clinical signs of  
liver diseases. This detected phenomenon was observable 
in relation to the age, sex, and drinking habits of  the 
outpatients of  the praxis, too.

The behavior of  cholesterol levels was the same as in 
case of  the triglyceride levels, while the young steatotic 
virus-infected male patients failed to show higher elevated 
levels. 

In conclusion, a recent study has found an association 
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between liver cell apoptosis and steatosis in CH-C 
patients, which might contribute to the progression of  
liver injury and fibrosis in CH-C[5]. Our study confirms 
the importance of  the presence of  steatosis, which is 
associated with higher ALT- and lower lipid levels on the 
periphery in CH-C patients with steatosis. The peripheral 
lipid levels, however, do not reflect the severity of  
steatosis or liver damages. Our study suggests that the 
grade of  steatosis in the liver is a substantial part of  
the determination of  the grade of  necroinflammation 
and should be incorporated into the evaluation of  liver 
biopsy materials in CH-C patients. 
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Abstract
AIM: To investigate the inhibitory effect of VP22 fusion 
protein-based dominant negative (DN) mutant on 
Hepatitis Bvrus (HBV) replication.

METHODS: Full-length or truncated fragment of VP22 
was fused to C terminal of HBV core protein (HBc), and 
subcloned into pcDNA3.1 (-) vector, yielding eukaryotic 
expression plasmids of DN mutant. After transfection 
into HepG2.2.15 cells, the expression of DN mutant was 
identified by immunofluorescence staining. The inhibitory 
effect of DN mutant on HBV replication was indexed as 
the supernatant HBsAg concentration determined by RIA 
and HBV-DNA content by fluorescent quantification-PCR 
(FQ-PCR). Meanwhile, metabolism of HepG2.2.15 cells 
was evaluated by MTT colorimetry.

RESULTS: VP22-based DN mutants and its truncated 
fragment were expressed in HepG2.2.15 cells, and had 
no toxic effect on host cells. DN mutants could inhibit 
HBV replication and the transduction ability of mutant-
bearing protein had a stronger inhibitory effect on HBV 
replication. DN mutants with full length of VP22 had the 
strongest inhibitory effect on HBV replication, reducing 
the HBsAg concentration by 81.94%, and the HBV-DNA 
content by 72.30%. MTT assay suggested that there 
were no significant differences in cell metabolic activity 
between the groups.

CONCLUSION: VP22-based DN mutant can inhibit HBV 
replication effectively.
 
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
At present, about 3.5 hundred million people are infected 
with HBV, and about 1 million people die of  HepatitisHepatitis 
Bvrus (HBV)� infection or related diseases each �ear, infection or related diseases each �ear, 
ranking 9th in disease deaths[1-4]. There are no effective 
therapies for HBV infection. Although about 40% HBV-
infected patients responded to interferon, patients in 
our countr� have a poorer response to it. Other antiviral 
agents, such as nucleoside/nucleotide analogs[5], are quite 
effective inhibitors of  HBV replication[6-9]. However, the 
rapid development of  drug resistance remains a growing 
concern. Gene therap� provides a novel idea for the 
treatment of  HBV infection, can inhibit replication of  
HBV at gene level and remove HBV from host cells[10-12]. 
Expression of  dominant negative (DN)� mutant in liver 
cells is one of  the most important strategies[13-17].

In 1997, Elliott and O’Hare[18] found that VP22, 
a structural protein (and its fusion protein)� of  herpes 
simplex virus t�pe-1 (HSV-1)�, can enter into the cells from 
the medium, and translocate between cells in a contact-
independent manner. Here, VP22 was fused to HBV core 
protein (HBc)� and a fusion DN mutant was constructed to 
enhance the antiviral effect of  the DN mutant b� utilizing 
the transduction abilit� of  VP22 protein.

MATERIALS AND METHODS
Materials
Plasmids pVP22/myc-His2 and pcDNA3.1(-)� were 
purchased from Invitrogen Co. EBO-HBV, in which 
1.3-folds of  HBV genome was cloned, and stored in 
our laborator�. Restriction enz�mes and ligations were 
purchased from TaKaRa Biotech Co., Ltd; mouse anti-HBc 
or c-m�c antibodies were purchased from Santa Cruz Co. 
FITC-labeled sheep anti-mouse IgG was purchased from 
BioStar Biotech Co., Ltd. DMEM, fetal bovine serum, and 
Lipofectamine 2000 were purchased from GIBCO Co. 
Solid phase radio-immunoassa� kit was purchased from 
Beimian Dong�a Biotech Institute, Beijing.

Oligonucleotides and primers
All the oligonucleotides and primers were s�nthesized 
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b� TaKaRa Biotech Co., Ltd. The underlined sequences 
indicate restriction enz�me (right)� sites, respectivel�, which 
were added to the oligonucleotide primers for subsequent 
cloning of  amplified DNA. The capital letters indicate 
start or stop codon.
HBc1: 5’-gcgcggtaccATGgacatcgaccctt-3’ (KpnI)�
HBc2: 5’-gcgcctcgagTCAggatccacattgaggttccc-3’ (XhoI, 
BamHI)�
US: 5’-gcccggatccatgacctctcgctccgtg-3’ (BamHI)�
UR: 5’-ccccagatctatcgggactcgccatacc-3’ (BglII)�
DS: 5’-gccgagatctgacgcggccacggcg-3’ (BglII)�
DR: 5’-gggcctcgagTTAcagctaatcctcttctgag-3’ (XhoI)�
c-m�c1:5’-gcccggatccgaacaaaaactcatctcagaagaggatctgTAAc
tcgaggggc-3’ (BamHI, XhoI)�
c-m�c2:5’-gggcctcgagTTAcagatcctcttctgagatgagtttttgttcgga
tc
cgccc-3’ (XhoI, BamHI)�

Cell culture
HepG2.2.15 cells integrated with full-length HBV gene[19-21] 
were cultured in DMEM containing 150 mL/L fetal 
bovine serum at 37 °C, in 50 mL/L CO2. G418 was added 
to screen cells at the final concentration of  100 mg/L. The 
media were freshened once in ever� two da�s and the cells 
were passaged ever� six da�s.

Plasmid constructs
PCR products, amplified from EBO-HBV using HBc1/
HBc2 as primers, were cloned into pcDNA3.1(-)� after 
being digested b� KpnI/XhoI, �ielding the vector pHBc 
(Figure 1)�.

C-m�c1/c-m�c2 were dissolved at a concentration 
of  0.1 g/L and annealed b� heating at 100 °C for 5 min, 
then slowl� cooling to room temperature to form double-
stranded c-m�c digested b� BamHI/XhoI and cloned into 
pHBc digested b� the same restrictions to produce plasmid 
pHVP22/M.

The fragment including full-length of  VP22 and c-myc 
epitope was amplified from pVP22/myc-His2 plasmid 
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(primers US/DR)�. PCR products were digested b� BamHI/
XhoI and inserted into pHBc to produce pHVP22/F.

The upstream of  VP22-coding sequence 102 bp 
amplified from pVP22/myc-His2 (primers US/UR)� was 
digested b� BamHI/BglII and ligated into BamHI site of  
pHVP22/M restricted with BamHI and dephosphorized. 
The resulting plasmid bearing directional insertion was 
called pHVP22/U.

The downstream of  VP22-coding sequence 102 bp 
was amplified from pVP22/myc-His2, and PCR products 
were inserted into pHBc after BamHI/XhoI digestion to 
produce plasmid pHVP22/D.

Transfection
Transfections were performed as described b� the 
provider of  Lipofectamine 2000 (Gibco’s handbook)�. 
Cells (4×108 L)� were added to a 24-well plate (500 L/
well)� in which a coverslide was placed in advance. The 
transfection experiment was divided into seven groups 
and carried out in triplicate: pHVP22/F, pHVP22/U, 
pHVP2 2 / D, pHVP22/M, pHBc, pcDNA3.1(-)� and 
MOCK transfection.

Confirmation of transgene expression
After transfection, cells were immediatel� washed 
with sterilized PBS (4 °C, pH 8.0)�, fixed in 20 g/L 
paraformaldeh�de and 1 g/L Triton X-100 diluted in 
PBS, and put on ice for 30 min. Cells were washed thrice 
with cold PBS. Non-specific epitopes were blocked with 
10 g/L BSA for 10 min at 42 °C. After being washed with 
cold PBS, cells were incubated with mouse anti-HBc or 
c-m�c mAb (1:500)� for 15 min at 42 °C, further incubated 
with rabbit anti-mouse IgG labeled with FITC (1:1 000)�. 
The coverslides were mounted on slides using 50 mL/L 
glycerol/PBS and observed by fluorescence microscopy.

Antiviral activity
Fort�-eight hours after transfection, HBsAg concentration 
was determined b� RIA kit (completed b� Nuclear 
Medicine Department of  Xijing Hospital)�, and HBV-DNA 
content was quantified b� FQ-PCR. The data obtained 
were anal�zed b� SPSS software.

MTT assay
The effect of  transgene expression on host cells was 
evaluated b� MTT colorimetr�.

RESULTS
Plasmid construction
To enhance the antiviral effect of  HBc DN mutant, both 
the full length of  VP22 and the truncated version (102 bp 
upstream or downstream)� were fused to C terminals of  
HBc, respectivel� (pHVP22/F, pHVP22/U, pHVP22/D)�, 
and the effects of  anti-HBV replication were detected. All 
plasmids used here were confirmed by sequencing, which 
was completed b� GeneCore Compan� (Shanghai, China)�.

Detection of transgene expression

VP22 ORF  (902 bp)

Upsteam(102 bp)     Downstream(102 bp)
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Figure 1 Plasmid constructs used in the experiment. (Dotted lines represent 
the deleted sequences. The nomenclature of plasmids is listed in the right. The 
primers, US, UR, DS, and DR, are marked with arrows. Restriction enzymes are 
expressed in single letters. K1, KpnI; B1, BamHI; B2, BglII; X1, XhoI. Downstream 
sequence of 102 bp is the PTD of VP22).
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Figure 3  Comparison of HBsAg (A) and HBV-DNA (B) concentrations between transfection groups.

To identif� the expression of  transgenes in HepG2.2.15 
cells, indirect immunofluorescence was performed using 
antibod� against HBc or c-m�c. No fluorescence was 
found in pcDNA3.1(-)� and MOCK transfection, the same 
results were obtained in pHBc, pcDNA3.1(-)� and MOCK 
transfection. Strong fluorescence was detected in other 
transfections. The results suggested that transgenes were 
successfull� expressed in HepG2.2.15 cells and recognized 
b� the corresponding antibodies (Figure 2)�.

Antiviral effect
To investigate the antiviral activit� of  VP22 fusion 
DN mutant on HBV replication, the inhibitor� effect 
was determined b� HBsAg concentration and HBV-
DNA content in the supernatant of  HepG2.2.15 cell 
culture. When compared to MOCK transfect ion, 
HBsAg concentrations in pHVP22/F, pHVP22/U, and 
pHVP22/D transfections decreased b� 81.94%, 38.88%, 
and 63.89%, respectivel� (Figure 3A, P<0.05)�, and HBV-
DNA content b� 72.30%, 29.60%, 46.42%, respectivel� 
(Figure 3B, P<0.05)�, indicating that VP22 fusion DN 
mutant could inhibit HBV replication effectivel�. 
Regardless of  taking HBsAg concentration or HBV-
DNA content as an index, pHVP22/F, pHVP22/U, and 

pHVP22/D showed a significant difference between the 
groups (P<0.05)�. DN mutant with transduction domains 
(pHVP22/F and pHVP22/D)� had a stronger antiviral 
activit� than that without the domain (pHVP22/U, 
P<0.05)�. When compared to DN mutant with full length 
of  VP22 (pHVP22/F)�, DN mutant with the transduction 
domain (pHVP22/D)� showed a weaker antiviral activit� 
(P<0.05). There was no significant difference between DN 
mutant based on c-m�c epitope (pHVP22/M)� and MOCK 
transfection (P>0.05)�, suggesting that pHVP22/M could 
not inhibit HBV replication.

MTT assay
After 48-h incubation, the morpholog� of  cells was 
observed under inverted microscope and no discernable 
difference was found between groups. MTT assa� showed 
no significant differences between groups (P>0.05)�, 
suggesting that the expression of  DN mutants had no 
effect on the growth of  host cells (Table 1)�.

DISCUSSION
HBV infect ion i s an impor tant hea l th problem 
worldwide[14], and the investigation about HBV therap� 
is a long-standing focus. The development of  genetic 
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Table1  MTT results of transfection groups (n=3, mean ±SD)

 Group                    A490nm                                                  P1

pHVP22/F                                  0.425 ± 0.065                                            >0.05
pHVP22/U                                 0.465 ± 0.050                                            >0.05 
pHVP22/D                                 0.410 ± 0.075                                            >0.05 
pHVP22/M                                0.438 ± 0.042                                             >0.05 
pHBc                0.413 ± 0.063                                  >0.05 
pcDNA3.1(–)                              0.430 ± 0.065                                  >0.05 
MOCK                0.423 ± 0.058                                  >0.05 

1vs mock.

pHVP22/F  pHVP22/U  pHVP22/D  pHVP22/M pHBc  pcDNA3.1(-)  MOCK



engineering facilitates the role of  gene therap� in 
anti-HBV therap�[13,14] and DN mutant is one of  the 
important strategies[15-17]. After introduction of  mutant 
gene into the infected cells, the activit� of  wild-t�pe viral 
gene is inhibited b� the mutant version in a competitive 
manner, leading to the inhibition of  virus replication[22,23]. 
DN mutant, as a preferential strateg�, takes protein as 
the effector and avoids the problem of  HBV mutation, 
which is one of  the obstacles when DNA is used as an 
effector. But insufficient therapeutic molecules can reach 
the VP22 protein, bearing protein-transduction abilit�, 
to enhance the DN mutant effect and complement the 
shortage of  therapeutic molecules in target cells.

As a structural protein of  HSV-1, VP22 (or its fusion 
protein)� has the strong abilit� to translocate between 
cells[18]. Proteins fused with the protein transduction 
domain (PTD)�, which lies in C terminal of  VP22 (34 
amino acids)�, also can translocate into the target cells[24-26]. 
In this report, HBsAg concentration decreased 63.89% 
b� PTD-HBc fusion based (pHVP22/D)� DN mutant, 
and DN mutant with upstream 34 amino acids of  VP22 
(pHVP22/U, without PTD)� onl� decreased 38.88%, 
suggesting that DN mutant with PTD can strongl� inhibit 
the activit� of  wild-t�pe viral gene than that without PTD, 
and the transduction domain of  VP22 can enhance the 
antiviral effect of  DN mutant. B� detecting HBV-DNA 
concentrations in the supernatant, similar results could be 
obtained.

DN mutant based on full-length of  VP22 (pHVP22/F)� 
decreased HBsAg concentration and HBV-DNA content 
b� 81.94% and 72.30%, respectivel� (Figures 3A and B)�, 
showing a significant difference compared to PTD-based 
DN mutant (pHVP22/D, P<0.05)�. Due to the different 
efficienc� between the two constructs, the molecular 
mass of  the protein fused to HBc C-terminal is related to 
the inhibitor� effect of  DN mutant. The larger the fused 
molecule, the stronger the antiviral effect of  DN mutant. 
Possible explanations ma� be related to the stabilization 
of  the larger fusion protein and the steric hindrance is 
necessar� to inhibit proper assembl� of  the nucleocapsid.

In  conclusion, DN mutant-based c-m�c epitope 
(pHVP22/M)� cannot inhibit HBV replication. Since 
c-m�c epitope has onl� 10 amino acids, DN mutant of  
HBc ma� mediate antiviral effect through a minimal length 
of  C-terminal. The related experiments are in process.
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Abstract
AIM: To study the effects of hepatitis C virus (HCV) core
and non-structural 5A (NS5A) proteins on nuclear factor-
B (NF- B) activity for understanding their biological

function on chronic hepatitis caused by HCV infection.

METHODS: Luciferase assay was used to measure the
activity of NF- B in three different cell lines cotransfected
with a series of deletion mutants of core protein alone or
together with NS5A protein using pNF- B-Luc as a reporter
plasmid. Western blot and indirect immunofluorescence
assays were used to confirm the expression of proteins
and to detect their subcellular localization, respectively.
Furthermore, Western blot was also used to detect the
expression levels of NF- B/p65, NF- B/p50, and inhibitor
B-a (I B-a).

RESULTS: The wild-type core protein (C191) and its
mutant segments (C173 and C158) could activate NF- B
in Huh7 cells only and activation caused by (C191) could
be enhanced by NS5A protein. Moreover, the full-length
core protein and its different deletion mutants alone or
together with NS5A protein did not enhance the expression
level of NF- B. The NF- B activity was augmented due to
the dissociation of NF- B-I B complex and the degradation
of I B-a.

CONCLUSION:NF- B is the key transcription factor that
can activate many genes that are involved in the cellular
immune response and inflammation. Coexpression of the
full-length core protein along with NS5A can enhance the
NF- B activation, and this activation may play a significant
role in chronic liver diseases including hepatocellular
carcinoma associated with HCV infection.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) is a major causative agent for acute
and chronic hepatitis, which often leads to liver cirrhosis
and hepatocellular carcinoma[1,2]. HCV is an enveloped
positive-sense RNA virus of  the Flaviviridae family. The viral
genome encodes a single polyprotein precursor of ~3 010
amino acids, which is cleaved by both host and viral
proteases to produce three structural proteins at the amino
terminus (Core, E1, and E2) and six nonstructural proteins
at the carboxyl terminus (NS2, NS3, NS4A, NS4B, non-
structural 5A (NS5A), and NS5B)[3-5].
     HCV core protein is the viral nucleocapsid protein that
binds to and packages the viral RNA genome. Core protein
is a multifunctional protein that can interact with many
cellular factors such as lymphotoxin-  receptor, tumor
necrosis factor receptor (TNFR), heterogeneous nuclear
ribonucleoprotein and LZIP[6-10]. Core protein also can
modulate the expression of some genes like interleukin-2
(IL-2), p53 and p21[11-14]. NS5A protein is a phosphoprotein
that exists in differentially phosphorylated forms of  56 and
58 ku with modifications of serine residues[15]. NS5A protein
can directly interact with double-stranded RNA-dependent
kinase and inactivate its function, thus modulating the IFN-
stimulated antiviral response[16].

    Nuclear factor- B (NF- B) belongs to a highly

conserved Rel-related protein family, which includes RelA
(p65), Rel B, c-Rel, NF- B1 (p105/p50), and NF- B2
(p100/p52). Of these, the p50/p65 heterodimer, commonly
called NF- B, is the most abundant and ubiquitous. NF-
B is the key transcription factor activating many genes
involved in the cellular immune responses and inflammation,
such as interferon-β, TNF- , IL-2, IL-6, and IL-8[17].
     Many researchers have reported that HCV core protein
can modulate the activity of NF- B in mammalian cells[18-21].
This phenomenon has also been found in NS5A protein[22-24].
Core protein can interact with NS5A protein both in vitro
and in vivo[25]. However, whether this interaction has effect
on NF- B activation has not yet been determined. In this
study, we investigated the effect of core protein and NS5A
protein coexpression on NF- B activity in three different
cell lines. Our results showed that NS5A protein could



enhance the effect of full-length core protein on
NF- B activation in Huh7 cell line only. This activation is
associated with the degradation of inhibitor B-  (I B- ).

MATERIALS AND METHODS
Plasmid construction
The recombinant plasmids with different deletion mutations
of HCV core or NS5A genes were constructed by inserting
the corresponding DNA fragments into the eukaryotic
expression vector pcDNA3 under the immediate early CMV
promoter. The DNA fragments were amplified by PCR
from pBRTM/HCV1-3011 plasmid (genotype 1a, a
generous gift from Dr. Charles M Rice, University of
Washington) using primers in Table 1. Primers 1a and 1b
were used to generate pcDNA-core (for C191) containing
the full-length core protein, 1a and 1c primers were used to
generate pcDNA- core519 (for C173) with a deletion of
54 nt at its 3 -end, 1a and 1d primers were used to generate
pcDNA- core474 (for C158) with a deletion of 99 nt at its
3 -end, 2a and 1b primers were used to generate pcDNA-

core [76-573, for C(26-191)] with a deletion of 75 nt at
its 3 -end, 2a and 1d primers were used to generate pcDNA-

core [76-474, for C(26-158)] with a 75 and 99 nt deletion
at the 5 -end and 3 -end, respectively, 3a and 3b primers
were used for pcNS5A with full-length 5A gene. All the
constructed plasmids were confirmed by restricted digestion

and sequencing.
     pcNS5A; (2) 0.4 g pNF- B-Luc and the same
concentration of core mutations (0.2 g) and pcNS5A
(0.2  g) ;  (3)  0 .3  g  pNF- B-Luc and  the same
concentration of pcDNA-core (0.2 g) and different
concentrations (0.1, 0.2, and 0.3 g) of pcNS5A; (4) 0.
3 g pNF- B-Luc and the same concentration of
pcNS5A (0.2 g) and different concentrations (0.1, 0.2,
and 0.3 g) of pcDNA-core. Cells were cotransfected
with pNF- B-Luc and vector pcDNA3 as a negative
control. The total concentration of the transfected
plasmids was kept constant with pcDNA3 vector. Cells
were harvested at 24 h after transfection and then lysed
in the reporter lysis buffer (Promega). The luciferase
activity was measured by TD-20/20 luminometer (Turner
BioSystems, Sunnyvale, CA, USA), and normalized with
respect to the protein concentration of the cell lysates.
Each experiment was repeated at least thrice.

Western blot analysis
Twenty-four hours after transfection, the total cell proteins
were separated by 15% SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to a
polyvinylidene difluoride membrane. The blots were first
blocked with 5% non-fat milk in Tris buffer saline (TBS)
containing 1 g/L Tween-20 and then probed with the first
antibodies against HCV core protein (ViroStat, Inc., 1851),
HCV NS5A protein (a generous gift from Dr. Stephene J
Polyak, University of  Washington), actin (Santa Cruz
Biotechnology, Inc., sc-1616), NF- B/P65 (Santa Cruz
Biotechnology, Inc., sc-800), NF- B/P50 (Santa Cruz
Biotechnolog y,  Inc.,  sc-114) , I B-  (Santa Cruz
Biotechnology, Inc., sc-847) for 1 h at 37 °C After extensive
washes, secondary antibodies conjugated with horseradish
peroxidase were applied onto the blots for at least 1 h at
37 °C. Blots were washed five times with TBS-1 g/L
Tween-20. Reagents for enhanced chemiluminescence were
applied to the blots and the light signals were detected by
X-ray film.

Indirect immunofluorescence assay
Sterile coverslips were placed in six-well tissue culture plates
before the Cos-7 cells were plated on them. Twenty-four
hours after transfection, the coverslips were rinsed twice with
PBS, and the cells were fixed in methanol-acetone (1:1) at-
20 °C for 5 min. After washing thrice with PBS, the fixed
cells were covered with anti-core monoclonal or anti-NS5A
mAbs for 1 h at 37 °C, and then washed thrice with PBS.
Secondary antibodies (FITC-conjugated goat anti-mouse
IgG) were then applied on the cells for 1 h at 37 °C in the
dark. After washing, the cells were stained with propidium
iodide to visualize the nuclear DNA and mounted in antifade
mounting medium. The stained cells were visualized under
a Leica confocal microscope (TCS NT SN 1500001, Leica
Laser Technik, Germany). For the colocalization of  full-
length core and NS5A proteins, rabbit anti-core polyclonal
antibody (produced in our laboratory) and mouse NS5A
mAb were used as primary antibodies and TRITC-conjugated
goat anti-rabbit IgG and FITC-conjugated goat anti-mouse
IgG were used as secondary antibodies, respectively.

Cell culture and transfection
Cos-7, HeLa, and Huh7 cell lines were grown in Dulbecco’s
modified Eagle’s medium (Hyclone) with 10% fetal bovine
serum (Gibco) at 37 °C in 50 mL/L CO2. DNA transfection
experiment was performed using LipofectamineTM 2000
(Gibco) according to the manufacturer’s instructions.

Luciferase assay
The pNF- B-Luc (Stratagene) vector containing the Photinus
pyralis (firefly) luciferase reporter gene driven by a basic
promoter element (TATA box) plus five repeats of B cis-
enhancer element (TGGGGACTTTCCGC) was used in
this experiment. Approximately 5 104 cells were seeded into
a 24-well tissue culture plate 24 h before transfection. The
cells were cotransfected with 0.8 µg plasmids as four kinds
of combination: (1) 0.4 g pNF- B-Luc and different
concentrations (0.1, 0.2, and 0.4 g) of core mutations or

Table 1 Primers used in this study

Italic nucleotides represent the enzymes used for the ligation and the enzymes are

also marked in the end of each primer. Bold nucleotides ATG and CTA represent

the start and stop codon, respectively.

Primers                                       Oligonucleotides

1a        5’-AAG CTT GAATTC GCG ATG AGC ACG AAT CCT-3’ (EcoRI)

1b        5’-GTC GAC TCTAGA CTA GGC CGA AGC GGG CAC-3’ (XbaI)

1c        5’-GTC GAC TCTAGA CTA AGA GCA ACC AGG AAG-3’ (XbaI)

1d        5’-GTC GAC TCTAGA CTA CAG AAC CCG GAC GCC-3’ (XbaI)

2a        5’-AGT ACT GAATTC GCG ATG GGT GGC GGT CAG-3’ (EcoRI)

3a        5’-AGA TCT AAGCTT ATG GCT TCC GGC TCC TGG-3’ (HindIII)

3b        5’-TGG TAC TCTAGA TCA CAT TCA GCA GCA-3’ (XbaI)
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RESULTS
Identification of core mutants and NS5A protein

In this study, four core deletion mutants (C173, C158, C
(26-191), C(26-158) were constructed besides the wild-type
core protein (C191). C173 is the mature form of  core
protein with deletion of  18aa at its C-terminus. C158 is a
mutant fragment with deletion of the hydrophobic amino
acids at its C-terminus. C(26-191) is a mutant fragment
without the reported functional domain at its N-terminus.
C(26-158) is a mutant fragment without functional and
hydrophobic domains at its N- and C-terminus, respectively.
The expression of core mutants and NS5A protein in Huh7
was measured by Western blot. As shown in Figure 1A,
core mutant fragments were expressed with a correct
molecule mass of 21 ku for C191, 19 ku for C173, 18 ku
for C158, 18 ku for C(26-191) and 15 ku for C(26-158) in

the cells transfected with either core mutation fragments
alone (lanes 1, 3, 5, 7, and 9) or together with NS5A protein
(lanes 2, 4, 6, 8, and 10). The expression of NS5A protein
is shown in Figure 1B. We got the correct band of  56 ku in
the cells transfected with NS5A protein alone (lane 1) or
together with core mutations (lanes 2-6). This experiment
showed that core mutants and NS5A protein were expressed
successfully from their respective recombinant plasmids.

HCV core protein activated NF- B and was enhanced by NS5A
protein in Huh7 cells
To study the effect of  the coexpression of  HCV core and
NS5A proteins on NF- B activity, the expressed plasmids,
pcDNA-core, pcDNA- core519, pcDNA- core474,
pcDNA- core (75-573), pCDNA- core (75-474), alone or
together with pcNS5A were cotransfected with pNF- B-
Luc into three different cell lines Cos-7, HeLa, and Huh7.
Luciferase activity was measured 24-h post-transfection. Our
results showed a significant change of relative luciferase
activity in Huh7 cells (Figure 2A) but not in Cos-7 cells
(Figure 2B) or HeLa cells (Figure 2C). In Huh7 cells, the
expression of C191 resulted in a significant increase in the
NF- B activity (sevenfold) compared to control cells
transfected with vector alone. Expression of C173 and C158
also resulted in an increase in NF- B activity with about
six- and fourfold, respectively, compared to control.
Furthermore, the luciferase activity was increased in a dose-
dependent manner in core-expressing cells. In contrast, there
was no significant change in the relative luciferase activity
in the cells transfected with pcDNA- core (75-573) or
pcDNA- core (75-474), in which core proteins had 25
amino acids deleted at the N-terminus. This suggested that
the N-terminal region (1-25 aa) of  core protein is important
for its activation on NF- B, which is consistent with the
previous report[20]. The different augmentation of luciferase
activity caused by C191, C173, and C158 suggested that

Figure 1 Expression of core mutant fragments (A) and NS5A protein (B).
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Figure 2 Effect of HCV core and NS5A proteins on NF- B activity. A: NF- B activation capacity of the core mutant fragments and NS5A protein individually
expressing in Huh7 cell line; B: NF- B activation capacity of the core mutants and NS5A protein expressing in Huh7 cells, C: Cos-7 cells; D: HeLa cells.
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the activation of NF- B by core protein was related to the
hydrophobicity of  C-terminus of  core proteins (C191>
C173>C158).
     When NS5A protein was expressed alone, it had no effect
on NF- B activation (Figure 2A). But co-expression of
C191 and NS5A protein resulted in a significant increase in
the luciferase activity with about 15-fold compared to the
control and twofold compared to the C191-expressing cells
only. However, the relative luciferase activity in the cells
co-expressing NS5A protein and other core mutants was
not augmented (Figure 2B). These results indicated that
NS5A protein could enhance C191-induced NF- B
activation.

NS5A protein enhanced core protein-induced NF-¦ÊB activation
in a dose-dependent manner
In order to understand, how NS5A protein affects the NF-

B activation caused by C191 core protein, we designed
two kinds of combination between pcNS5A and pcDNA-
core expression vectors for luciferase assay. In the first
one, 0.2 µg of pcNS5A vector was co-transfected with
different concentrations of pcDNA-core (0.1, 0.2, and 0.3
µg), while in the other combination, 0.2 µg of pcDNA-core
was co-transfected with different concentrations of pcNS5A
(0.1, 0.2, and 0.3 µg). Result is shown in Figure 3. When
pcNS5A transfection was certain, more pcDNA-core was
transfected, the higher luciferase activity could be detected,
while the enhanced increasing of activity in number was
almost the same (ninefold) compared to cells expressing
C191 alone (Figure 3, right), which meant that the same
amount of NS5A protein exerted the same effect on
different  amounts of C191.  When pcDNA-core
transfection was certain, more pcNS5A was transfected,
higher enhanced increasing of luciferase activity could be
detected (Figure 3, left). These results showed that NS5A
protein could enhance core protein-induced NF- B
activation in a dose-dependent manner.

Activation of NF- B by core protein and NS5A was associated
with I B  degradation
We further studied whether NF- B activation occurred at

translational or post-translational levels. To do this, the
expression levels of NF- B/p65, NF- B/p50, and I B-
in C191-expressing Huh7 cells either alone or together with
NS5A were studied. As shown in Figure 4, at the same
concentration of  cell lysates as confirmed by actin (Figure
4D), there was no change in the p65 and p50 expression
profile (Figures 4A and B). While in case of the I B- , the
expression level was contrary to the NF- B activity. In the
control, cells transfected with pCDNA3 vector had the
highest expression level of I B-  (Figure 4C, lane 1), while
in the cells co-expressing C191 and NS5A with the highest
NF- B activity had the lowest expression of I B-a (Figure
4C, lane 3). Cells expressing C191 also had a much lower
expression of I B-  (Figure 4C, lane 4), while cells
expressing NS5A protein had a much higher expression of
I B-  (Figure 4C, lane 2). It was more likely that when
C191 and NS5A protein were co-expressed, they activated
I B kinase (IKK) through some signal pathway, resulted in
the phosphorylation and then degradation of I B, leading
to the activation of  NF- B. These results suggested that
C191 alone or together with NS5A protein did not enhance
the expression of NF- B. Thus, the NF- B activity was
augmented due to the dissociation of NF- B¨CI B complex
and I B degradation.

Subcellular localization of C191 and NS5A proteins in Cos-7
cell line
We then analyzed the subcellular localization of  C191 and
NS5A proteins using indirect immunofluorescence assay in
Cos-7 cell line. As shown in Figure 5, C191 was localized
predominantly in the cytoplasm (Figures 5A-C). NS5A
protein was also localized in the cytoplasm with fluorescence
signals surrounded the nuclear membrane (Figures 5D-F).
On the other hand, the co-expression of C191 and NS5A
proteins did not alter the localization of C191, but
redistributed the NS5A protein to the same localization
pattern of C191 (Figures 5G-I). All these results are
consistent with previous reports[25-27]. Thus, the same

Figure 4 Expression of NF- B/p65, NF- B/p50 and IkB-a.
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Figure 3 Enhancement of core protein-induced NF-kB activation in a NS5A

protein dose-dependent manner.
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cytoplasmic localization pattern of C191 and NS5A protein
suggested that NF- B activation caused by co-expression
of C191 and NS5A protein was more likely due to a physical
interaction between them or the interaction with the same
cellular factors.

DISCUSSION
NF-kB is a critical regulator of the immediate early pathogen
response, and plays an important role in promoting
inflammation and in regulation of cell proliferation and
survival[17,28].  NF- B is highly activated at sites of
inflammation in diverse diseases and induces transcription
of pro-inflammatory cytokines, chemokines, adhesion
molecules, matrix metalloproteinases, cyclooxygenase 2, and
inducible nitric oxide synthase[29]. Moreover, NF- B can
also activate the expression of cyclin D1, c-myc, other
regulators of  the cell cycle and enhance cell survival by
switching on genes that inhibit pro-apoptotic signals[30].
Because of the multifunction of NF- B, many viruses
including several human pathogens such as HIV-1, human
T-cell leukemia virus, herpes simplex virus, HBV, and
Epstein-Barr virus have evolved different strategies to
modulate the activity of NF- B[31-34]. Some of them
modulate the NF- B activity through the binding of the
viral particles to their receptor, some of them modulate
through viral proteins. The activation of NF- B may be a
strategy of  viruses to block apoptosis and prolong survival
of the host cells in order to gain time for replication and

increase viral progeny production[35].
     Since HCV core protein can interact with TNF-  by
yeast two-hybrid system[8], NF- B, the main effective factor
in the TNF-  signaling pathway, has become a hot factor in
the functional studies of core protein. Core protein can
modulate NF- B at the basal level in many mammalian cell
lines, although the modulation is different from HCV
genotype and cell lines[19-21].
     In this study, we found that core protein could increase
the activity of NF- B only in Huh7 cell line, but not in
Cos-7 and HeLa cell lines. This augmentation was in a core
protein dose-dependent manner. Core protein can interact
with NS5A protein both in vitro and in vivo[25]. NS5A protein
can also modulate the activity of NF- B[23]. Since this
modulation is also different from different cell lines[36], we
want to know if this interaction between core and NS5A
proteins has certain effect on the regulation of NF- B.
Our results showed that when C191 and NS5A proteins
were co-expressed in Huh7 cell line, they activated NF- B
and this activation was in a NS5A protein dose-dependent
manner. Moreover, the full-length core protein was required
for the interaction between core and NS5A proteins, because
no increase in the NF- B activity was observed in the cells
co-expressing any of the core mutant fragments and NS5A
protein. Further experiments have confirmed that this
activation is associated with the NF- B-I B complex
dissociation and I B degradation but not with the change
in the expression level of NF- B.
     There are two signaling pathways leading to NF- B
activation. The classical NF- B pathway, based on IKK- -
dependent I B degradation, is essential for innate immunity.
The alternative NF- B pathway, based on IKK-  processing
of NF- B2/p100 into NF- B2/p50, is related to lymphoid
organ development and adaptive immunity[29]. The activation
of NF- B caused by co-expression of core and NS5A
proteins may occur in the classical NF- B pathway.
Proinflammatory cytokines and pathogen-associated
molecular patterns, working through different receptors
belonging to the TNFR and Toll-like receptor-IL-1 receptor
superfamilies, cause activation of IKK. The activated IKKs,
predominantly acting through IKK-  in an IKK- -dependent
manner ,  cat a lyze the phosphoryl at ion of I Bs ,
polyubiquitination and subsequent degradation by the 26S
proteasome[29]. As previously reported, core protein can
activate NF- B through TNF receptor-associated factor
2-IKK- -dependent pathway[37]. The phosphorylation of I

B-  by IKK-  can be significantly enhanced by HCV core
protein expression in a dose-dependent manner. NS5A
protein can activate NF- B by altering intracellular calcium
levels and then inducing oxidative stress, through tyrosine
phosphorylation of  I B-  at Tyr42 and Tyr305 residues instead
of Ser32,36 phosphorylation of I B-  caused by IKK, thus
inducing I B-  degradation[24]. We found that expression
of core protein could activate NF- B, while this did not
happen in case of NS5A protein expression in Huh7 cells.
These results of NS5A protein are consistent with one
report[38] but inconsistent with other reports[22,24]. This may
be due to the different cell lines and/or experimental
methods used in their studies. Interestingly, co-expression
of C191 and NS5A proteins activated NF- B significantly.

Figure 5 Localization of C191 and NS5A proteins. A-C: C191; D-F: NS5A
protein; G: NS5A protein (FITC-labeled); H: C191 protein (TRITC-labeled); I:

merged localization of C191 and NS5A proteins; J-L: pcDNA3 vector alone as

a negative control.
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When NS5A and C191 proteins were co-expressed, this
interaction caused the change in the conformation of  NS5A
protein, which leads to the tyrosine phosphorylation of I
B- , and resulted in core protein-induced NF- B activation.
Further experiments need to be done to elucidate this idea.
     HCV causes persistent infection and chronic hepatitis
in most infected individuals. Spontaneous recovery
following HCV infection is a relatively rare event. The
mechanisms responsible for HCV-mediated chronicity and
disease progression remain unclear[39]. The activation of
NF- B has been found in both subgenomic replicon and
full-length HCV-transfected cells and HCV-infected livers
[24,36,39]. This may provide the possible mechanism for HCV
pathogenesis.
     C191 is produced in the early stage of HCV infection
and then cleavaged to its mature form C173 to assist virus
assembly[40]. In this study, we found that NS5A protein could
enhance C191-induced NF- B activation but not C173,
when NS5A and core proteins were co-expressed in Huh7
cells. Activation of NF- B always leads to inhibition of
apoptosis. In the early stage of HCV infection, NS5A
protein functions synergically with C191 on NF- B
activation and this may inhibit apoptosis of host cells; while
in late stage of HCV infection, NS5A protein does not
function synergically with C173 on NF- B activation and
decreases their ability to inhibit apoptosis of host cells. This
may play an important role in the establishment of chronic
and persistent liver disease during HCV infection.
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Abstract
AIM: To develop the epitope-based vaccines to prevent 
Hepatitis C virus (HCV) / Hepatitis B virus (HBV) infections.

M E T H O D S :  T h e  H C V  c o r e  e p i t o p e s  C 1 
STNPKPQRKTKRNTNRRPQD (residuals aa2-21) and C2 
VKFPGGGQIVGGVYLLPRR (residuals aa22-40), envelope 
epitope E GHRMAWDMMMNWSP (residuals aa315-328) 
and HBsAg epitope S CTTPAQGNSMFPSCCCTKPTDGNC 
(residuals aa124-147) were displayed in five different 
sites of the flock house virus capsid protein as a 
vector, and expressed in E. coli cells (pET-3 system). 
Immunoreactivity of the epitopes with anti-HCV and 
anti-HBV antibodies in the serum from hepatitis C and 
hepatitis B patients were determined. 

RESULTS: The expressed chimeric protein carrying the 
HCV epitopes C1, C2, E (two times), L3C1-I2E-L1C2-
L2E could react with anti-HCV antibodies. The expressed 
chimeric protein carrying the HBV epitopes S, I3S could 
react with anti-HBs antibodies. The expressed chimeric 
proteins carrying the HCV epitopes C1, C2, E plus HBV 
epitope S, L3C1-I2E-L1C2-L2E-I3S could react with anti-
HCV and anti-HBs antibodies. 

CONCLUSION: These epitopes have highly specific 
and sensitive immunoreaction and are useful in the 
development of epitope-based vaccines.

Key words:  HCV; HBV; Epitope-based vaccine; 
Recombinant; Immunoreactivity
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INTRODUCTION
hepatitis C virus (HCV) and Hepatitis B virus (HBV) are 
the causative agents of  hepatitis C and B. Exposure to 
HCV or HBV causes acute hepatitis, leading to chronic 
hepatitis, liver cirrhosis, hepatocellular carcinoma and even 
death. The worldwide prevalence is estimated to be around 
170 million individuals (3%) infected with HCV and 350 
million individuals (7%) infected with HBV[1,2]. HCV and 
HBV infections are social and economic issues.
    HCV is a member of  the Flaviviridae family, possessing 
a linear single-stranded RNA genome of  9.4 kb[3]. The 
HCV genome contains a single open reading frame (ORF) 
encoding a polyprotein that is cleaved into the mature 
viral core, envelope and non-structural proteins[4]. The 
core protein is the most conserved and contains highly 
conserved epitopes[5]. The envelope protein E1 is the 
most variant region and contains the major neutralizing 
epitopes[6-11]. HBV is a double-stranded circular DNA 
virus[12]. The surface antigen of  HBV (HBsAg), the 
major antigen protein, consists of  large, middle and small 
proteins encoded by ORF S and preS, and have been 
successfully used as a hepatitis B vaccine. Since HCV and 
HBV infections share a similar route, i.e., mainly infected 
individuals through serum or seral products, it is very 
important to develop HCV/HBV covalent vaccines to 
simultaneously protect individuals from HCV and HBV 
infections.
   It has been previously demonstrated that the epitope-
presenting system based on the flock house virus (FHV) 
capsid protein is useful in displaying foreign epitopes[13]. 
In the present study, epitopes derived from the HCV core, 
envelope protein and HBsAg were displayed in this system, 
immunoreactivities were determined, and the possibility to 
develop epitope-based vaccines was discussed.

MATERIALS AND METHODS
Epitopes and epitope-presenting system
The epi topes s tudied in th is s tudy were der ived 
f r o m t h e H C V c o r e r e g i o n r e s i d u e s a a 2 - 2 1 C 1 
STNPKPQRKTKRNTNRRPQD (C1) and aa22-40, 
VKFPGGGQIVGGVYLLPRR (C2), the envelope 
region residues aa315-328, GHRMAWDMMMNWSP 
( E ) ,  a n d  t h e  H B s A g  r e s i d u e s  a a 1 2 4 - 1 4 7 
CTTPAQGNSMFPSCCCTKPTDGNC (S).
    The epitope-presenting system was developed using the 



FHV capsid protein as a vector (FHV-RNA2 system)[13]. 
The FHV capsid protein expressed in the recombinant 
system could self-assemble into virus-like particles (VLPs). 
Six sites on the vector protein outer surface could be 
chosen for insertion of  foreign epitopes which have little 
influence on the protein structure (Figure 1). The epitopes 
were inserted into L3 (C1), I2 (E), L1 (C2), L2 (E) and 
I3  (S), by means of  genetic recombination engineering 
on plasmid pET-3. Four recombinant plasmids were 
constructed, pET-Wt carrying the bare vector protein 
gene, pET-I3S carrying the vector gene and the epitope S, 
pET-L3C1-I2E-L1C2-L2E carrying the vector gene and 
the epitopes C1, C2, E, and pET-L3C1-I2E-L1C2-L2E-
I3S carrying the vector gene and the epitopes C1, C2, E 
and S.

Expression of chimeric proteins carrying epitopes
The recombinant plasmids were transformed into E. 
coli BL21(DE3) cells. The chimeric proteins carrying 
the epitopes were expressed under the control of  T7 
promotor[14] in TB/ampicillin media at 37 ℃. Cells were 
harvested by centrifugation at 3 000 r/min for 10 min at
4 ℃ (Beckman ro to r t ype J -20 ) . Ce l l l y s i s was 
accomplished by ultrasonication and centrifuged at 10 000g
for 30 min. The chimeric proteins in the deposit were 
dissolved in 8 mol/L urea and analyzed by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
To purify the expressed chimeric proteins, the band 
containing the chimeric proteins was cut-off  from the gel 
and the proteins were recovered by further electrophoresis 
procedures. The purified chimeric proteins were stored at 
-20 ℃ and used as an antigen in ELISA and Western blot 
tests.

Serum samples
Serum samples used in this study were collected from 
patients with hepatitis C (anti-HCV positive or HCV-
RNA positive) or hepatitis B (anti-HBs positive), from the 
Kunming Infectious Disease Hospital, Kunming, China.

ELISA
Recombinant chimeric proteins carrying HCV/HBV 
epitopes purified by PAGE were diluted to 5 mg/L 
in carbonate/bicarbonate buffer (pH 9.6) and used as 
coating antigens in ELISA test. One hundred microliters 

of  the protein solution was added to each well of  96-well 
microtiter plates. The plates were incubated overnight at 4 
℃ and then blocked with 2.5 g/L bovine serum albumin 
in 10 mmol/L of  phosphate-buffered saline containing 
0.01% Tween 20 (PBS-T), at 37 ℃ for 1 h and washed five 
times with (PBS-T). Sera from hepatitis C or B patients 
were diluted to the ratio 1:10 and 100 μL was added to 
each well of  the blocked plates. The mixture was incubated 
at 37 ℃ for 1 h. After washing, 100 μL of  horseradish 
peroxidase-conjugated rabbit anti-human immunoglobulin 
G (Sigma BioSciences, St. Louis, MO, USA) was added to 
each well, and the plates were incubated for 1 h at 37 ℃. 
After incubation and washing, ortho-phenylenediamine 
dihydrochloride (OPD, Sigma BioSciences, St. Louis, MO, 
USA) was added, and the color was measured at 455 nm 
with a Titertek plate reader. 

When the cut-off  value was (SS-NC)/NC ≧ 2, it was 
defined as positive. In the formula, SS is the OD value of  
the serum sample, NC is the value of  the negative control. 

Western blot
In the Western blot test, the expressed chimeric proteins 
were separated in 10% SDS-PAGE and transferred onto 
the nitrocellulose membrane. After incubation with the 
patient’s serum (in 1∶400 dilution) and horseradish 
peroxidase-conjugated rabbit anti-human immunoglobulin 
G, the immobilized antigens (epitopes) were detected with 
3,3-diaminobenzidine tetrahydrochloride (DAB, Sigma 
BioSciences, St. Louis, MO, USA).

RESULTS
Expression and purification of chimeric proteins
The chimeric proteins Wt, I3S, L3C1-I2E-L1C2-L2E and 
L3C1-I2E-L1C2-L2E-I3S were expressed in inclusion 
body form in transformed cells with the corresponding 
recombinant plasmids pET-Wt, pET-I3S, pET-L3C1-
I2E-L1C2-L2E-I3S or pET-L3C1-I2E-L1C2-L2E-I3S, 
and analyzed by 10% SDS-PAGE (Figure 2). The results 
showed that the chimeric proteins were highly expressed. 

Figure 2  Recombinant proteins expressed in E. coli cells. M: protein molecular 
mass standard; lane 1: recombinant vector protein Wt; lane 2: chimeric protein I3S; 
lane 3: L3C1-I2E-L1C2-L2E; lane 4: L3C1-I2E-L1C2-L2E-I3S; lane 5: supernatant 
of BL21 cells transformed by pET-L3C1-I2E-L1C2-L2E; lane 6: non-transformed 
BL21 cells.
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Figure 1 Three-dimensional structure of FHV capsid protein.



Figure 3 Expression of purified expressed proteins. M: protein molecular mass 
standard; lane 1: recombinant vector protein Wt; lane 2: chimeric protein I3S; lane 3: 
L3C1-I2E-L1C2-L2E; lane 4: L3C1-I2E-L1C2-L2E-I3S.

The contents of  chimeric proteins were estimated 
possessing about 35.1% (Wt), 35.5% (I3S), 34.2% (L3C1-
I2E-L1C2-L2E), and 39.7% (L3C1-I2E-L1C2-L2E-I3S) 
of  the full cell proteins. After purification, the chimeric 
proteins possessed about 43.8 kD (Wt), 46.5 kD (I3S), 49.7 
kD (L3C1-I2E-L1C2-L2E) and 52.5 kD (L3C1-I2E-L1C2-
L2E-I3S) of  molecular weight, respectively as expected 
(Figure 3).

ELISA test
Using purified chimeric proteins as a coating antigen, 66 
anti-HCV+/HCV-RNA+ and 24 anti-HCV+/HCV-RNA- 
serum samples from hepatitis C patients were determined 
(Table 1). The results showed that the chimeric proteins 
carrying HCV epitopes, L3C1-I2E-L1C2-L2E and L3C1-
I2E-L1C2-L2E-I3S could react with ant-HCV antibodies 
with a high specificity and susceptibility. The reactivity 
rates of  chimeric proteins L3C1-I2E-L1C2-L2E and 
L3C1-I2E-L1C2-L2E-I3S were 95.5% and 95.5% with 
anti-HCV+/HCV-RNA+ sera, 29.2% and 37.5% with anti-
HCV+/HCV-RNA- sera, respectively. No serum samples 
reacted with the expressed vector protein Wt. Few serum 
samples reacted with chimeric protein I3S, implying that 
the patients were co-infected with HBV

Western blot test
Using sera from patients with hepatitis C (anti-HCV 

Figure 4  Western blot of expressed proteins using anti-HCV+ (A) and anti-
HBsAg+ (B) sera as detecting antibodies. M: protein molecular mass standard; 
lane 1: recombinant vector protein W; lane 2: chimeric protein I3S, lane 3: L3C1-
I2E-L1C2-L2E; lane 4: L3C1-I2E-L1C2-L2E-I3S.

positive by ELISA kit) or B (anti-HBs positive by ELISA 
kit) as detecting antibody, the chimeric proteins carrying 
HCV epitopes L3C1-I2E-L1C2-L2E and L3C1-I2E-L1C2-
L2E-I3S could be recognized by anti-HCV antibody (Figure 
4A), and the chimeric protein carrying HBV epitopes S, 
I3S and L3C1-I2E-L1C2-L2E-I3S could be recognized 
by anti-HBV antibody on Western blot (Figure 4B). 
Ten serum samples from hepatitis C or B patients were 
detected respectively and the results in each group were 
similar.

DISCUSSION
Due to the host defense mechanism and virus genome 
RNA instability, HCV seems to escape immune pressure 
by mutation and results in high genetic heterogeneity[15,16]. 
The humoral immune response to neutralizing antibodies 
appears to be restricted and isolate-specific. HCV isolates 
obtained can be classified into at least six major clades 
(clades 1 to 6) and more than 70 subtypes[3]. Development 
of  HCV vacc ines i s l a rg e ly hampered for these 
characteristics of  the virus.
    Recent studies indicate that when a virus epitope is 
present in an appropriate vector system, the epitope 
can be displayed on the exposed surface of  the vector 
protein with high immunogenicity[17]. Sequencing and 
immunological analysis showed that the residues aa1-40 in 
HCV core region are the most conserved and the residues 
aa315-328 in E1 region are highly conserved too[18]. HBsAg 
is the major antigenic protein of  HBV. Mature HBsAg 
can self-assemble into VLPs and induce effective immune 
response. The residues aa120-160 of  the large protein S 
exposed on the outer surface of  VLPs are defined as a 
determinant. This determinant induces cross neutralizing 
antibodies which protect infections against different 
HBV subtypes[19-21]. Further studies indicate that the “a” 
determinant is mainly located within a double-looped 
structure formed by disulfide bridges between cysteines 
at 124, 137 and at 139-147[22,23]. The epitope S (aa124-147) 
studied in this report contains the key residues of  the “a” 
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                                                       Patients  
Protein                  Anti-HCV+ /HCV-RNA+          Anti-HCV - /HCV-RNA+

                                                                      (%)                                     (%)
Wt                                              0                                0
13S                                          2/66 (3.1)                   1/24 (4.1)
L3C1-12E-L1C2-L2E             63/66 (95.5)                 7/24 (29.2)
L3C1-12E-L1C2-L2E-I3S      63/66 (95.5)                 9/24 (37.5)          

Table 1 Detection of immunoreaction of expressed proteins as 
antigen with anti-HCV antibodies in serum from hepatitis C patients 
by ELISA



determinant. The epitopes displayed in the FHV-RNA2 
system in this study had a high reactivity to specific anti-
HCV or anti-HBV antibodies, indicating the importance 
of  these HCV and HBV epitopes.
   HCV/HBV epitopes, multiple-presented in a fusion 
form, cross react with HCV and HBV antibodies[24]. DNA 
immunization with fusion genes encoding different regions 
of  the HCV E2 fused to the HBsAg gene elicits immune 
responses to both HCV and HBV. The antibody responses 
induced by the same epitopes are also demonstrated[25]. 
These results suggest that these epitopes contribute to the 
development of  epitope-based vaccines.
    Since HCV and HBV have a similar infection route 
with a high co-infection rate, development of  HCV/HBV 
covalent vaccines is of  great importance. Previous studies 
on HIV-1[13], HCV[26] and rotavirus[27-29] single epitopes 
and the present study demonstrated that the FHV-
RNA2 system can be used to study the foreign epitope 
characteristics and to develop epitope-based vaccines. 
Since no sustainable cell culture system can be used, 
whether the antibodies elicited by these epitopes neutralize 
HCV and HBV infectivity or protect individuals against 
HCV and HBV infection remains to be studied.
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Abstract
AIM: To investigate a possible role for a recently identified 
polymorphism in the gene of cytochrome P450 2E1, the 
presence of which is associated with high activity of the 
enzyme. 

METHODS: Two hundred and th i r ty-n ine a lcoho l 
consumers, ICD 10.1/.2 (ALC), and 208 normal controls 
were studied. PCR amplification of the CYP2E1 gene region 
was performed to assess polymorphic variation. Fisher’s 
exact test was used to assess the data. 

RESULTS: Twelve normal controls (5.8%) possessed the 
insertion. Five ALC (2.1%) had the insertion; of these 2 
of 144 with alcohol induced chronic pancreatitis, none of 
28 with alcoholic liver disease and 3 of 67 without end-
organ disease had the polymorphism. A significantly Lower 
frequency of subjects possessed the insertion than normal 
controls [P = 0.049 (genotype analysis P = 0.03)]. To further 
assess, if there was a relationship to alcohol problems per 
se  or end-organ disease, we compared patients with alcohol 
induced end-organ disease vs alcoholic controls without 
end-organ disease vs  normal controls which again showed 
a significant difference [P = 0.045 (genotype analysis,
P = 0.011)], further sub-group analysis did not identify 
which group(s) accounted for these differences. 

CONCLUSION: We have shown the frequencies of this 
high-activity polymorphism in alcohol related patient 
groups for the first time. The frequency is significantly less 
in alcoholics than normal controls, as with high activity 

polymorphisms of alcohol dehydrogenase. The biological 
significance, and whether the relevance is solely for 
alcoholism or is there a relationship to end-organ disease, 
would benefit from the assessment in the populations with 
a greater frequency of this polymorphism.

©2005 The WJG Press and Elsevier Inc. All rightsreserved.
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INTRODUCTION
Cytochrome P450 2E1 (CYP2E1) is the major component 
of  the microsomal enzyme oxidizing system, which is 
one of  the major pathways of  oxidative metabolism of  
ethanol[1,2] as well as a large number of  xenobiotics[3]. 
CYP2E1 is induced to greater activity by its substrate 
e thanol , probably v ia a number of  mechanisms, 
including transcriptional, post-transcriptional and post-
translational[2,4,5].

CYP2E1 activity is expressed in the liver, at sites of  
maximal alcohol induced damage[6], and in the pancreas, 
where it is also induced by chronic alcohol consumption[7,8]. 
These two are the major sites of  damage following chronic 
consumption of  ethanol. In addition, it is found in the 
brain[9], also a site of  ethanol induced damage.

The genetic predisposition to both alcoholism and 
alcohol induced end-organ damage is an area of  debate. 
Alcohol-induced pancreatitis occurs in approximately 5% 
of  alcoholics[10] while no, or minimal, fibrosis is found in 
32% of  pancreata of  alcoholics[11].  Alcoholic cirrhosis 
occurs in around 10% and hepatitis in 10-35%[12]. 

The heterogeneity of  the response to alcohol implicates 
genetic factors. Family and twin studies suggest a genetic 
component to alcoholism[13,14]. Some evidence suggests 
that the majority of  genetic predisposition to psychosis 
and liver disease may be accounted for by disposition to 
alcoholism[14].

Recently, an insertion polymorphism in the promoter 
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region of  the gene coding for the enzyme CYP2E1 has 
been described; sequencing has shown a 96-bp insertion 
as a series of  eight repeats, as opposed to six in the wild 
type[15,16]. This corresponds to the restriction fragment 
length polymorphism, between positions -2270 and -1672. 
Presence of  which is associated with higher CYP2E1 
metabolic activity (employing an in vivo  chlorazoxazone 
6-hydroxylation test) in the presence of  recently consumed 
alcohol or obesity[17]. We have therefore analyzed the 
frequency of  this polymorphism in patients with a history 
of  excessive alcohol consumption, with and without end-
organ damage, and normal controls.

The 96-bp insertion, previously described, is a 729-bp 
fragment employing the PCR based analysis of  Fritsche
et al[16]. The wild type allele is 633 bp in length. In addition, 
a GenBank record also exists for a 48-bp deletion (accession 
no. J02843), corresponding to 585 bp.

MATERIALS AND METHODS
Subjects 
Venous blood samples were drawn from patients giving 
informed consent and local research ethics committee 
approval was obtained. We collected samples on 239 
Caucasoid subjects (ALC) fulfilling the ICD 10 criteria 10.1 
and 10.2, that is harmful use and/or alcohol dependence 
syndrome. Cut-off  for minimal consumption was 80 
g alcohol per day (UK patients range 56-400 U/week; 
median 106 U/week) over a minimum of  2 years (UK 
range 2-45 years; median 10 years). Age range was 25-73 
years, median 47 years. The subjects were sub-divided as 
follows: 

Sixty-seven (36 British and 31 German) subjects 
without known end-organ disease, AC, collected from 
clients at alcohol rehabilitation centers. 

One hundred and seventy-two with alcohol-related 
end-organ disease (AEOD). Of  which, one hundred 
and forty-four (39 British and 105 German) patients had 
alcohol-induced chronic pancreatitis (AICP); all fulfilled 
the criteria for late- or end-stage AICP, as defined by 
the Zurich criteria[18]. The twenty-eight patients with 
alcoholic liver disease (ALD) had biopsy proven cirrhosis 
or a history, consistent with alcoholic hepatitis, including 
jaundice associated with excess alcohol consumption 
without other evident cause. 

Two hundred and eight samples of  cord blood from 
Caucasoids with a normal, healthy delivery taken in 
Derriford Hospital, Plymouth, UK were employed as 
normal controls. 

Laboratory analysis
DNA samples were extracted from peripheral and cord 
blood samples employing the commercially available 
Nucleon II DNA extraction kits (Nucleon Biosciences, 
Lanarkshire, Scotland, UK) or QIAmp DNA Blood 
Minikits (Qiagen, Hilden, Germany).

DNA amplification was performed for the promoter 
region of  CYP2E1 as previously described[16], employing 
amplimers 5’-GTG ATG GAA GCC TGA AGA ACA- 
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and 5’-CTT TGG TGG GGT GAG AAC AG-. Reactions 
were carried out in a volume of  25 μL employing 100-200 
ng of  genomic DNA. Following a hot start for 4 min at 
94 °C, thirty cycles of: 94 °C (denaturing) for 30 s; 66 °C 
(annealing) for 2 min and 72 °C (extension) for 2 min were 
performed. This was followed by 10-min extension at 72 °C. 

Products were analyzed on a 1.5% agarose gel 
stained with 0.01% v/v ethidium bromide, viewed under 
ultraviolet light and compared to 50 and 100 bp molecular 
weight ladders (Roche Diagnostics, Lewes, East Sussex, 
UK).

Statistical analysis
Two-sided Fisher’s exact tests were used throughout (SPSS 
9.0, SPSS Inc., Chicago, IL, USA). A P value of  <0.05 
was taken as significant. Where appropriate, multisided 
contingency tables were employed initially for comparisons, 
with sub-group analysis only when a statistically significant 
result was seen in the initial comparison. Individual sub-
group analyses for end-organ disease(s) only involved 
comparison with AC controls. Chi square values, where 
expected cell numbers are greater than 5, are shown in 
brackets in tables. A comparison is made for the presence 
of  the insertion polymorphism, which has the functional 
association[17], and for the genotype of  that polymorphism.

RESULTS
Results are displayed in Table 1. of  208 normal controls 
12 (5.8%) had the insertion polymorphism, and all were 
heterozygotes (Figure 1A). In contrast, 5 of  239 ALC 
subjects (2.1%) had the insertion. In the AICP group 
two subjects had the insertion and one of  these was 
homozygous for the insertion. In the AC group, three 
subjects had the insertion. In addition, one AICP and 
one AC had a band which would correspond to the 48-bp 
deletion found in GenBank (Figure 1B), as did two normal 
controls. Results from the British and German groups, 
all European Caucasoids, were similar: three of  the 136 
German subjects (2.2%) and 2 of  the 103 British (2%) 
had the insertion; two of  the 31 German AC, 1 of  the 36 
British AC, 1 of  the 105 German AICP and 1 of  the 39 
British AICP. 

Comparing ALC to NC for the presence of  the 
insertion polymorphism, showed that it was less abundant 
in the former than the latter (P = 0.049) (Table 2). The 
same comparison for genotype of  the insertion was 
comparable (P = 0.030) (Table 2).

To delineate whether the difference may have been for 
alcohol problems per se or end organ disease we initially 
employed Fisher’s exact test for the presence of  the 
insertion using a three by two contingency table of  normal 
controls, AC and AEOD. This revealed a statistically 
significant difference (P = 0.045), and analysis for insertion 
genotypes was comparable (P = 0.011) (Table 3). Thus, 
we further analyzed the sub-groups. Comparing AC with 
NC and comparisons within alcoholic (ALC) subgroups 
analysis did not reveal any significant differences, as might 
be expected with such a low frequency in the patient 
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groups. Although genotype analysis for AEOD compared 
with AC approached significance with P = 0.068.

DISCUSSION
Polymorphisms in CYP2E1, other than that studied here, 
have been looked at in previous studies, though some have 

used small numbers. Their association with alcoholism 
has been studied: no association was found for the c1/c2 
alleles in most studies[19-23]. A positive association for the 
D form of  the C/D polymorphism was found in Japanese 
subjects[24].  Although some studies used non-alcoholic 
controls, in alcohol induced end-organ disease association 
for these polymorphisms has been found: for ALD and the 
c2 allele[25-27] and fatty liver and the c2 allele[28]. However, 
the positive association with end-organ disease has not 
been found in a number of  studies[19,21,29-31] and two studies 
found an association with the c1 allele[32,33]. 

The original study describing the polymorphism 
assessed in this study, showed greater CYP2E1 metabolic 
activity associated with the 96 bp insertion. In that 
study chlorazoxazone hydroxylation was higher in the 
patients with the presence of  the polymorphism and 
who were obese or recent consumers of  alcohol[17]; 
both circumstances when CYP2E1 is induced. The two 
later descriptions[15,16] delineate the pattern of  8 repeats 
of  42-60 bp, as opposed to 6 in the wild type. The first 
sequencing data showed a run of  five repeats[34] (accession 
no. J02843), which had not been seen in the two further 
studies[15,16], this form would correspond to the smaller 
band seen in four of  our 447 samples (Figure 1B). 

Hu et al [15] did not find an increased constitutive 

Table 2 Normal control and alcoholic figures and comparisons

                      Normal controls n = 208 (%)                                       ALC n = 239 (%)                                            Fisher’s exact test

Presence of 
insertion polymorphism                                  12 (5.8)                                                              5 (2.1)                                         P = 0.049 (χ2  = 4.110, P = 0.043)

Genotype for 
insertion polymorphism   
                                     Heterozygote                                  12 (5.8)                                               4 (1.7)                                                                     P = 0.030
                                     Homozygote                                    0 (0.0)                                               1 (0.4) 

ALC, ICD 10.1/10.2.

Table 3 Alcoholic subgroup figures and analyses

           Normal controls n = 208 (%)                Alcoholic controls n = 67 (%)   Alcoholic end organ disease n = 172 (%)             Fisher’s exact test

Presence of 
insertion polymorphism            12 (5.8)                                      3 (4.5)                                                   2 (1.2)                                                       P = 0.045
Genotype for
insertion polymorphism    
                         Heterozygote      12 (5.8)                                      3 (4.5)                                                   1 (0.6)                                                       P = 0.011
                         Homozygote         0 (0.0)                                      0 (0.0)                                                   1 (0.6) 

Table 1 Full genotype data on all subjects

                  Normal controls (n = 208)            ALC (n = 239)                              Of ALC                                           Of AEOD

                                                                                              AC (n = 67)           AEOD (n = 172)              AICP (n = 144)         ALD (n = 28)
   
Homozygote wildtype                                      194                        232               63                    169                              141              28
                      
Heterozygote for insertion                   12                            4                  3                                   1                                  1                           0

Homozygote for insertion                    0                            1                  0                                   1                                  1                           0

Heterozygote for deletion                    2                            2                  1                                   1                                  1                           0

ALC, ICD 10.1/10.2; AC, alcoholic controls; AEOD, alcohol-related end-organ disease; AICP, alcohol induced chronic pancreatitis; ALD, alcoholic liver disease.
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Figure 1 A: Agarose gel showing wild type homozygotes (633 bp, lanes 1, 3, 5–7) 
and a heterozygote for the insertion polymorphism (729 bp, lane 4). Run alongside 
a molecular weight marker (M);  B:Agarose gel showing wild type homozygotes 
(633 bp, lanes 1–3 and 5) and a heterozygote for the deletion polymorphism 
(585  bp, lane 4). Run alongside a molecular weight marker (M).
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expression in luciferase transfection experiments, for 
the insertion polymorphism, which would agree with 
McCarver et al[17] findings of  increased enzymatic activity 
only in the induced state (obese subjects and recent 
alcohol consumers).

To our knowledge, this is the first study to look at 
this polymorphism in patient groups. In previous studies 
of  healthy groups of  American Caucasoids, frequencies 
of  6.9%[17] and 4.2%[16] are seen. Another previous study 
found the insertion in only 2.1% of  healthy Swedish 
subjects[15].

At low frequencies these results, on Caucasoid subjects, 
could all be consistent with the frequencies found in our 
patient, as well as our control, groups; of  5.8% controls 
(British), 2.2% German ALC and 2% British ALC. 
However, in the large numbers in our study our results do 
indicate a statistically significant difference, which remains 
when isolating the smaller numbers of  only British 
subjects for insertion genotype between NC and ALC
(P = 0.03). Population stratification is a confounding 
factor in all genetic association studies and the possibility 
of  this is recognized, raising the question as to whether 
our results are biologically as well as statistically significant.

We have shown a significantly lower frequency of  
this polymorphism, which is associated with increased 
activity, in the gene coding for the enzyme CYP2E1 when 
comparing those with alcohol dependence or abuse and 
normal controls. This could be explained and be analogous 
to the association found in the functional variations in 
ADH. It has been shown that high activity forms of  ADH 
(and low activity forms of  ALDH) are associated with the 
protection against alcoholism in a number of  studies, as 
previously reviewed[35]. This is believed to be due to the 
increased production (or decreased metabolism) of  the 
ethanol metabolite acetaldehyde (and possibly other toxic 
metabolites), to which associated unpleasant side effects 
such as flushing are ascribed[35]. 

Due to the low frequency in our patient populations 
it was not possible to delineate whether there was only 
a relationship to alcohol misuse per se, or a relationship 
to end-organ disease. If  a lower frequency existed in 
alcoholics, it could then be expected to be increased 
in those with end-organ disease compared to alcoholic 
controls. The sole homozygote was a patient with AICP 
and genotype analysis of  those with end-organ disease vs 
AC approached significance, with P = 0.068. However, to 
infer a finding from such a result would not be justified.

Further analysis in ethnic populations with a frequency 
of  this polymorphism which is sufficiently common to a 
more likely impact on susceptibility to CYP2E1-related 
diseases would be useful (e.g. Chinese[15], Taiwanese or 
African American[16] populations). This would be useful 
both to confirm or refute the association found here and 
to delineate any association with end-organ disease, rather 
than alcoholism per se.

In conclusion, the debate regarding a role for CYP2E1 
in alcohol misuse and end-organ disease and a genetic 
component of  this is further assessed. We have shown for 
the first time frequencies of  this functional polymorphism 

in patient groups and there appears to be an association 
with this high activity polymorphism in the gene coding 
for cytochrome P450 2E1 and genetic protection against 
alcohol consumption. However, further studies are 
required in other populations.
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Abstract 
AIM: Grapefru i t-seed extract (GSE) conta in ing 
flavonoids, possesses antibacterial and antioxidative 
properties but whether it influences the gastric defense 
mechanism and gastroprotection against ethanol- and 
stress-induced gastric lesions remains unknown. 

METHODS: We compared the effects of GSE on 
gastric mucosal lesions induced in rats by topical 
app l icat ion of 100% ethanol or 3 .5 h of water 
immersion and restraint stress (WRS) with or without 
(A) inhibition of cyclooxygenase (COX)-1 activity by 
indomethacin and rofecoxib, the selective COX-2 
inhibitor, (B) suppression of NO-synthase with L-NNA
(20 mg/kg ip), and (C) inactivation by capsaicin
(125 mg/kg sc) of sensory nerves with or without 
intragastric (ig) pretreatment with GSE applied 30 min 
prior to ethanol or WRS. One hour after ethanol and 3.5 h 
after the end of WRS, the number and area of gastric 
lesions were measured by planimetry, the gastric blood 
flow (GBF) was assessed by H2-gas clearance technique 
and plasma gastrin levels and the gastric mucosal 
generation of PGE2, superoxide dismutase (SOD) activity 
and malonyldialdehyde (MDA) concentration, as an index 
of lipid peroxidation were determined. 

RESULTS: Ethanol and WRS caused gastric lesions 
accompanied by the significant fall in the GBF and 
SOD activity and the rise in the mucosal MDA content. 
Pretreatment wi th GSE (8-64 mg/kg i g) dose-
dependently attenuated gastric lesions induced by 100% 
ethanol and WRS; the dose reducing these lesions by 
50% (ID50) was 25 and 36 mg/kg, respectively, and this 

protective effect was similar to that obtained with methyl 
PGE2 analog (5 μg/kg i g). GSE significantly raised the 
GBF, mucosal generation of PGE2, SOD activity and 
plasma gastrin levels while attenuating MDA content.  
Inhibition of PGE2 generation with indomethacin or 
rofecoxib and suppression of NO synthase by L-NNA 
or capsaicin denervation reversed the GSE-induced 
protection and the accompanying hyperemia. Co-
treatment of exogenous calcitonine gene-related 
peptide (CGRP) with GSE restored the protection and 
accompanying hyperemic effects of GSE in rats with 
capsaicin denervation. 

CONCLUSION: GSE exerts a potent gastroprotective 
activity against ethanol and WRS-induced gastric 
lesions via an increase in endogenous PG generation, 
suppression of lipid peroxidation and hyperemia possibly 
mediated by NO and CGRP released from sensory 
nerves.

Key words: Grapefriut-seed extract; Gastroprotection; 
Gastric blood flow; Superoxide dismutase; Prostaglandin; 
Calcitonine gene-related peptide 
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INTRODUCTION 
Grapefruit-seed extract (GSE) containing flavonoids, 
possesses antibacterial, antiviral and antifungal properties[1-3]. 
These beneficial actions of  GSE have been attributed to 
the antioxidative activity of  grapefruit containing citrous 
flavonoids such as naringenin[4]. Moreover, grapefruit juice 
and its major flavonoid exhibited the potent anti-H pylori 
activity in vitro[5] and was also recently found to exert the 
cytoprotection against hepatocyte injury induced by algal 
toxins[6]. In another study, naringenin showed anti-cancer 
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activity against human breast cancers[7].  Therapeutic 
efficacy of  citrous fruits such as grapefruits and red grapes 
has been explained by the content of  different classes 
of  polyphenolic flavonoids, that were shown to inhibit 
platelet aggregation, thus decreasing the risk of  coronary 
thrombosis and myocardial infarction[8].  However, the 
involvement of  grapefruit extracts containing various 
flavonoids in the mechanism of  gastric mucosal defense 
has been little studied. 

Our group demonstrated previously that other 
flavonoids, namely, meciadanol, a synthetic flavonoid 
inhibiting histidine decarboxylase (HDC) and decreasing 
histamine content in the stomach, attenuated gastric 
mucosal lesions produced by ethanol and aspirin via 
the mechanism unrelated to gastric acid secretion 
and endogenous prostaglandins (PG)[9]. Furthermore, 
naringenin, a major citrous flavonoid, was reported 
to exhibit gastroprotection against the gastric injury 
induced by absolute ethanol due to the increase in the 
mucus secretion and that this gastroprotective effect 
of  naringenin and accompanying increase in the mucus 
secretion, were, in part, attenuated by indomethacin 
suggesting the involvement of  endogenous PG in the 
mechanism of  this flavonoid-induced gastroprotection[10].  
It remains unknown, to what extent GSE influences 
the gastric mucosal injury induced by topical (ethanol) 
and non-topical ulcerogens (stress) and, if  so, what is 
the mechanism of  gastroprotection induced by GSE. 
Therefore, using animal models of  gastric lesions induced 
by 100% ethanol and water immersion and restraint stress 
(WRS), we determined the influence of  GSE on gastric 
lesions and the accompanying changes in the gastric blood 
flow (GBF) in the rat stomach.  An attempt was also made 
to assess the contribution of  gastric acid secretion, plasma 
gastrin levels, PG/cyclooxygenase (COX)-system, nitric 
oxide (NO) and sensory nerves in the gastroprotective 
effect of  GSE.  Finally, we evaluated the effect of  
pretreatment with GSE on the gene expression and activity 
of  superoxide dismutase (SOD) and lipid peroxidation, as 
expressed by malonyldialdehyde (MDA) concentration, in 
rats with or without the pretreatment with GSE.    

  
MATERIALS AND METHODS
Male Wistar rats, weighing 180-220 g and fasted for 24 h
before the study were employed in all the studies. This 
study was approved by the Institutional Animal Care 
and Use Committee of  Jagellonian University School 
of  Medicine in Cracow and run in accordance to the 
statements of  European Union regarding handling of  
experimental animals.

Gastric secretory studies 
The effects of  GSE purchased from Herb-Pharma, Welke 
Dudince, Slovakia on gastric acid secretion were examined 
in 40 conscious rats equipped about 1 mo earlier with a 
gastric fistula (GF) as described previously[11]. The animals 
were fasted overnight but had free access to water 24 h 
before the experiment and they were placed in individual 

Bollman type cages to maintain the minimum restraint 
necessary.  The GF was opened; the stomach was rinsed 
gently with about 5 mL of  tap water at 37 ℃. The basal 
gastric secretion was collected for 60 min and GSE was 
administered i.g. in gradual doses ranging from 8  to 64mg/kg,
each dose being administered on a separate test day.  In 
control tests, vehicle (1 mL of  saline, i g) was given in the 
same volume as in tests with GSE and the collection of  
gastric juice was continued for the final 120 min. The volume 
and acid concentration of  each collected sample of  gastric 
juice were measured and acid outputs was calculated and 
expressed in terms of  micromoles of  acid per 30 min[12].

Induction of ethanol and stress lesions and determination 
of gastric blood flow (GBF)
Acute gastric lesions were induced by an intragastric (ig)
application of  100% ethanol similarly to the method 
described previously[11,12].  Briefly, 100% ethanol in a 
volume of  1.5 mL was administered ig to rats by means 
of  a metal orogastric tube.  After 60 min, the animals 
were lightly anesthetized with ether, their abdomen was 
opened by the midline incision and stomach exposed for 
the measurement of  GBF by means of  using the H2-
gas clearance technique as described previously[13].  For 
this purpose double electrodes of  electrolytic regional 
blood flowmeter (Biotechnical Science, Model RBF-2, 
Osaka, Japan) were inserted into the gastric mucosa.  One 
of  these electrodes was used for the local generation of  
gaseous H2 and another for the measurement of  tissue H2.
With this method, the H2 generated locally was carried 
out by flow of  blood, while the polarographic current 
detector reads out decreasing tissue H2. The tissue H2 

clearance curve was used to calculate an absolute flow 
rate (mL/100 g/min) in the oxyntic area as described 
previously[13].  The measurements were made in three areas 
of  the mucosa and the mean values of  the measurements 
were calculated and expressed as percent changes of  those 
recorded in the vehicle (saline) treated animals. After the 
GBF measurement, the stomach was removed, rinsed with 
water and pinned open for macroscopic examination.  The 
area of  necrotic lesions in oxyntic mucosa was determined 
by computerized planimetry (Morphomat, Carl Zeiss, 
FRG)[12-14] by the person who did not know to which 
experimental group the animals belonged.   

The WRS was induced in the animals that were placed 
in restraint cages and immersed vertically to the level of  
the xiphoid process in a water bath of  23 ℃ for 3.5 h[13,14]. 
After 3.5 h of  WRS, the rats were lightly anesthetized 
with ether, the abdomen was opened and the stomach was 
exposed.  The GBF was measured in the oxyntic gland area 
of  the stomach by means of  local H2-gas clearance method 
using an electrolytic regional blood flow meter (Biomedical 
Science, Model RBF-2, Osaka, Japan) as described above.  
The stomach was removed, opened along the greater 
curvature and placed flat to count the number of  gastric 
lesions by two investigators, unaware of  the treatment 
given as described in our previous studies[13,14]. The stress 
lesions were defined as round or linear mucosal defects of  
at least 0.1 mm in diameter. 

Brzozowski T et al.   Grapefruit-seed extract in gastroprotection                6451



Animals with sensory denervation induced by capsaicin 
The role of  sensory afferent nerves in mechanism of  
WRS-induced gastric lesions with or without pretreatment 
with GSE was determined in rats with or without capsaicin 
induced deactivation of  these nerves.  For this purpose 
the animals were pretreated with capsaicin (Sigma Co., 
St. Louis, MO, USA) injected s.c. for 3 consecutive days 
at a dose of  25, 50 and 50 mg/kg for about 2 wk, before 
the experiment[15,16]. All injections of  capsaicin were 
performed under ether anesthesia to counteract the pain 
reactions and respiratory impairment associated with 
injection of  this agent.  To check the effectiveness of  the 
capsaicin denervation, a drop of  0.1 mg/mL solution of  
capsaicin was instilled into the eye of  each rat and the 
protective counting movements were counted as described 
previously[16]. Rats with or without capsaicin-denervation 
received vehicle or GSE (5-80 mg/kg ig) 30 min prior to 
exposure to 3.5 h of  WRS. At the end of  WRS, animals 
were anesthetized and then the GBF and the number 
of  gastric lesions were measured in a similar manner as 
mentioned above.  

Determination of mucosal generation of PGE2, lipid 
peroxidation and SOD activity in gastric mucosa exposed 
to ethanol and WRS with and without GSE  
In groups of  rats exposed to standard 3.5 h of  WRS 
without or with pretreatment with GSE, the mucosal 
samples from the gastric mucosa were taken by biopsy 
(about 200 mg) from oxynt ic g land area without 
mucosal lesions immediately after the animals were 
killed to determine the mucosal generation of  PGE2 by 
radioimmunoassay (RIA) as described previously[17]. The 
capability of  the mucosa to generate PGE2 was expressed 
in nanograms of  wet tissue weight.

Since lipid peroxidation is a well-established mechanism 
of  cellular injury induced by reactive oxygen metabolites, 
we measured the changes in the MDA as an indicator of  
this lipid peroxidation in gastric mucosa[18,19] exposed to 
WRS without and with the treatment with GSE.  For the 
measurement of  lipid peroxidation, the tissue was weighed, 
transferred to the ice-cooled test tube and homogenized 
in 400 μL of  20 m mol/L Tris buffer pH 7.4 containing 
5 mM butylated hydroxytoluene to prevent new lipid 
peroxidation that can occur during the homogenization. 
The homogenate was then centrifuged at 4 oC for 10 min 
and resulted supernatant (200 μL) was stored in -80 oC 
until an assay of  lipid peroxidation. The content of  lipid 
peroxidation was measured at 37 oC by spectrophotometer 
at a wave length of  586 nm and compared with the 
absorbance of  purified MDA as the standard.

The activity of  SOD was measured in the gastric 
mucosa of  rats exposed to WRS with or without 
pretreatment with GSE using SOD 525 assay kit (OXIS 
International, Inc., Portland, USA)[19,20].  The gastric tissue 
was first washed with 0.9% NaCl containing 0.16 mg/mL 
heparin to remove red blood cells which may interfere 
with the SOD activity in the gastric specimens.  Then the 
biopsy sample was blotted on the filter paper, weighed 
and finally homogenized in 400 μL of  PBS buffer pH 7.4 

using a tissuemizer Ultra Turax (Janke and Kunkel GmbH 
and Co., Staufen, Germany). The principle of  the SOD 
measurement is based on the SOD-mediated increase in 
the rate of  auto-oxidation of  5, 6, 6a, 11β-tetrahydro-
3,9,10-trihydrobenzoflurene in aqueous solution at 37 oC 
to yield a chromophore with maximum absorbance at 525 
nm.  Ethanol-chloroform extraction was employed to 
inactivate Mn-SOD and Fe-SOD and to ensure that the 
assay is specific for Cu/Zn-SOD.  

Determination of SOD transcripts by reverse transcriptase 
polymerase chain reaction (RT-PCR)  
The expression of  SOD was determined by RT-PCR in 
the gastric mucosa of  intact rats or following exposure 
to WRS with or without GSE.  Samples of  the gastric 
oxyntic mucosa (about 500 mg) were scraped off  on 
ice using glass slide and then immediately snap frozen 
in liquid nitrogen, and stored at -80 oC. Total RNA was 
isolated from the gastric oxyntic mucosa using a rapid 
guanidinum isothiocyanate/phenol chloroform single 
step extraction kit from Stratagene (Stratagene GmbH, 
Heidelberg, Germany)[21,22].  Following precipitation, the 
RNA was resuspended in RNase-free TE buffer and the 
concentration was estimated by absorbance at 260 nm 
wave length. Samples were frozen at -80 oC until analysis. 

First strand cDNA was synthesized from total 
cellular RNA (5 µg) using 200 U Strata Script TM reverse 
transcriptase (Stratagene GmbH, Heidelberg, Germany) 
and oligo (dT) primers (Stratagene GmbH, Heidelberg, 
Germany). After the reverse transcription, the transcriptase 
activity was destroyed by heating, and the cDNA was 
stored at -20 oC until PCR. 

A 496-bp fragment of  SOD was amplified from 
single-stranded DNA by PCR using two oligonucleotide 
pr imers to SOD. The SOD sense pr imer was 5 ’
CGAGTTATGGCGACGAAG3’ and antisense primer 
was 5’GTCAGCAGTCACATTGCC3’.  The primers for 
SOD and β-actin were synthesized by Biometra (Gottingen, 
Germany). Concomitantly, amplification of  control rat 
β-actin (Clon Tech, Palo Alto, CA, USA) (764 bp) was 
performed on the same samples to verify RNA integrity.  

DNA amplification was carried out under the following 
conditions; denaturation at 94 oC for 1 min, annealing at
60 oC for 45 s, and extension at 72 oC for 45 s. The 
number of  amplification cycles was 29 for SOD. Each 
PCR-product (8 µL) was electrophoresed on 1.5% agarose 
gel stained with ethidium bromide, and then visualized 
under UV light.  Location of  predicted PCR product was 
confirmed by using a 100-bp ladder (Gibco BRL/Life 
Technologies, Eggenstein, Germany) as standard marker.

The intensity of  bands was quantified in a semi-
quantitative manner using densitometry (LKB Ultrascan, 
Pharmacia, Sweden) as described in detail in our previous 
studies[22].  Briefly the gel was photographed under UV 
transillumination. The intensity of  PCR products was 
measured using video image analysis system (Kodak Digital 
Science).  The SOD mRNA signals were standardized against 
the β-actin mRNA signal for each sample and results were 
expressed as SOD mRNA/β-actin mRNA ratio.
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caused a signif icant attenuation of  WRS-induced 
gastric damage; the ID50 being 36 mg/kg. The GBF was 
significantly decreased in rats exposed to 3.5 h of  WRS 
but GSE given 30 min before the exposure of  animals to
3.5 h of  WRS resulted in a dose-dependent rise in the 
GBF as compared to that obtained in vehicle-treated 
animals (Figure 2).

Effect of pretreatment with GSE on the gastric mucosal 
SOD activity and MDA content in gastric mucosa exposed 
to ethanol or WRS
Tab le 2 shows the resu l t s o f  de te r mina t ion of  
MDA+4 HNE as an index of  lipid peroxidation in the 
gastric mucosa or rats exposed to ethanol- or WRS without 
or with GSE pretreatment.  The MDA concentration was 
significantly increased in vehicle-control gastric mucosa 
exposed to ethanol or WRS as compared to that in the 
intact gastric mucosa. Pretreatment with GSE applied ig 

Statistical analysis
Results are expressed as means±SE.  The significance of  
the difference between means was evaluated using analysis 
of  variance followed by Duncan’s test with a level of  
significance at P < 0.05.

RESULTS 
Effect of GSE on gastric acid secretion and plasma 
gastrin levels in rats with chronic GF 
As shown in Table 1, gastric acid output reached the value 
of  134±11 μmol/30 min, while fasting plasma gastrin 
concentration averaged of  53 ± 4  μmol/L in control rats 
treated with vehicle (saline). GSE applied ig in a dose of  
8 mg/kg ig failed to affect significantly the gastric acid 
output and plasma gastrin levels as compared to those in 
control animals. GSE applied ig in a dose of  16 mg/kg 
and higher, produced a significant decrease in the gastric 
acid output and significantly raised the plasma gastrin 
levels (Table 1).    

Effect of GSE on acute gastric lesions induced by ethanol 
and WRS 
Figure 1 shows the effect of  topical pretreatment with 
GSE applied ig in graded concentrations ranging from 8 to 
64 mg/kg on the mean area of  gastric lesions induced by 
100% ethanol and the accompanying changes in the GBF.  
Ethanol caused typical widespread gastric lesions with an 
area of  86±5 mm2 and reduced the GBF by about 38% as 
compared to that in intact gastric mucosa.  Pretreatment 
with GSE applied in the lowest dose of  8 mg/kg, failed 
to influence the ethanol lesions but starting from the 
dose 16 mg/kg up to dose of  64 mg/kg of  GSE, a dose-
dependent reduction in gastric lesions was observed; the 
dose that inhibits ethanol damage by 50% (ID50) being 28 
mg/kg. This protective effect of  GSE applied in graded 
doses against ethanol damage was accompanied by the 
significant rise in the GBF. The gastroprotective effect of  
GSE and accompanying increase in the GBF were similar 
to those achieved by the pretreatment with methyl analog 
of  PGE2 applied 30 min before the application of  ethanol.  

As shown in Figure 2, the pretreatment with GSE 
applied topically in a doses ranging from 8 to 64 mg/kg

Table 1 Effect of vehicle (saline) and GSE applied ig in graded 
concentrations ranging from 8 up to 64 mg/kg on the gastric acid 
secretion and plasma gastrin levels. Results are mean±SE from 6 
determinations on 6–8 animals               

 Type of test                                   Gastric acid output                                Plasma gastrin 
                                                              (μmol/30 min)                                        (pmol/L)

Vehicle                                          134 ± 11                                                  53 ± 4
GSE (mg/kg ig)
8                                                     131 ± 9                                                    56 ± 6
16                                                   118 ± 9a                                                   69 ± 8a

32                                                     89 ±7a                                                   75 ± 9a

64                                                     64 ± 5a                                                   82 ± 10a

　　　　　　　　　　 

aP<  0.05 vs vehicle.
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Figure 1 Effect of intragastric (ig) pretreatment with GSE applied in graded doses 
ranging from 8 mg/kg up to 64 mg/kg or 16,16 dimethyl PGE2 (5 μg/kg ig) on the 
mean area of gastric lesions induced by ethanol and accompanying changes 
in the GBF. Results are mean±SE from 6 to 8 animals per group. aP<0.05 vs 
vehicle (Veh).  

Figure 2 Effect of intragastric (ig) pretreatment with GSE applied in graded doses 
ranging from 8 mg/kg up to 64 mg/kg or 16,16 dimethyl PGE2 (5 μg/kg ig) on the 
mean number of gastric lesions induced by 3.5 h of WRS and accompanying 
changes in the GBF. Results are mean ± SE from 6 to 8 animals per group. 
aP < 0.05 vs vehicle (Veh).  
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Effect of inhibitors of COX and NOS activity on GSE-
induced gastroprotection against WRS induced gastric 
damage and the alterations in GBF
Pretreatment with GSE (32 mg/kg ig) significantly 
reduced gastric lesions induced by WRS in a manner 
similar to that presented in Figure 2. The ip administration 
of  indomethacin at a dose of  5 mg/kg which inhibited 
generat ion of  endogenous PGE 2 by about 85%, 
ag g ravated the WRS-induced gastr ic les ions and 
significantly decreased GBF as compared to the respective 
values in animals treated with vehicle. Such pretreatment 
with indomethacin reversed almost completely the 
protective effect of  GSE against WRS-induced lesions and 
the accompanying increase in the GBF (Figure 3).  

The L-NNA, an inhibitor of  NO-synthase by itself  
failed to affect the area of  gastric lesions and the fall in 
the GBF induced by ethanol or WRS (Table 3, Figure 4).
Pretreatment with GSE (32 mg/ kg ig) resulted in a 
significant reduction of  ethanol- or WRS-induced gastric 
damage and significantly decreased the GBF as compared 
with the respective values attained in rats without GSE 
administration. Co-treatment with L-arginine (200 mg/kg 
ig) but not with D-arginine, added to GSE restored the 
gastroprotection and the accompanying increase in the 

Table 3  Effect of GSE with or without pretreatment with NG-
nitro-L-arginine (L-NNA 20 mg/kg ip) applied with or without the 
combination with L-arginine (L-Arg, 200 mg/kg ig) or D-arginine 
(D-Arg, 200 mg/kg ig) on the area of ethanol-induced gastric 
lesions and accompanying changes in the GBF. Results are mean±
SE of 6–8 rats

aP < 0.05 vs vehicle, cP < 0.05 vs values in respective group without L-NNA, 
eP < 0.05 vs values in respective group with L-NNA but without L-Arg 
administration.

Type of test                            Mean lesion area  (mm2)                           GBF (% control) 

Without L-NNA 
Vehicle                                        82 ± 5                                                     63 ± 3
GSE  (32 mg/kg i.g.)                  8 ± 1.5a                                                 81 ± 4a

With L-NNA
Vehicle                                        88 ± 4                                                     58 ± 3
GSE (32 mg/kg i.g.)                  76±3c                                                     66 ± 5c

L-Arg (200 mg/kg i.g.) 
       +GSE (32 mg/kg i.g.)        12 ± 2c                                                     79 ± 3c

D-Arg (200 mg/kg i.g.) 
       +GSE (32 mg/kg i.g.)        72 ± 4                                                      69 ± 3 

     　　　　　　　　　                 

Table 4 The number of WRS-induced gastric lesions and 
accompanying changes in the GBF in rats treated with vehicle and 
GSE  (32 mg/kg i.g.) without or with capsaicin denervation. Means
±SE of 6–8 rats

aP < 0.05 vs vehicle,  cP < 0.05 vs corresponding values obtained in animals 
without capsaicin denervation, eP < 0.05 vs corresponding values obtained in 
animals with capsaicin denervation without CGRP treatment.  

Type of test                              Mean lesion number                                 GBF (% control)   

3

Without capsaicin denervation 
Vehicle                                            18 ± 3                                                   67 ± 4
GSE  (32 mg/kg ig)                         8 ± 1.5a                                               78 ± 3a

With capsaicin denervation
Vehicle                                            28 ± 4b                                                   54 ± 3b  

GSE (32 mg/kg ig)                        16 ± 3b                                                   64 ± 4b  

CGRP (10 μg/kg sc) 
       +GSE (32 mg/kg ig)                9 ± 1.3c                                                 74 ± 3c  

     　　　　             　　　　　　     
 

in a dose 16 mg/kg or higher, significantly attenuated the 
MDA concentration in animals exposed to ethanol or WRS 
(Table 2). The mucosal SOD activity was inhibited in the 
gastric mucosa of  animals exposed to ethanol or WRS as 
compared to the respective value in intact gastric mucosa 
(Table 2).  In contrast, the pretreatment with GSE applied 
in i.g. in graded doses ranging from 8 up to 64 mg/kg,
which caused a significant attenuation of  the damage 
induced by ethanol or WRS, dose-dependently reversed the 
deleterious effect of  ethanol or WRS on the SOD activity 
and significantly counteracted the ethanol and WRS-
induced rise in the MDA content (Table 2).  

Table 2  Effect of vehicle (saline) and GSE applied i.g. in graded 
concentrations ranging from 8 mg/kg up to 64 mg/kg on the MDA 
concentration and SOD activity in the gastric mucosa in rats 
exposed to 100% ethanol or those subjected to 3.5 h of WRS. 
Results are mean±SE from 6 determinations on 6–8 animals

aP < 0.05 vs intact, cP < 0.05 vs vehicle+ethanol or vehicle+WRS.

Type of test                                     MDA concentration                              SOD activity  
                                                                     (nmol/g)                                              (unit/g)
Intact                                                  0.5 ± 0.02                                          733 ± 43     
Vehicle+ethanol                             14.8  ± 2.3a                                          425 ± 32a

Vehicle+WRS                                  16.8 ± 2.3a                                          425 ± 32a

GSE (mg/kg i.g.)+ethanol
8                                                        13.7 ± 2.3                                           438 ± 37
16                                                       10.4 ± 2.8c                                          549 ± 38c

32                                                        8.3 ± 0.9c                                           675 ± 40c

64                                                        6.6 ± 0.7c                                           695 ± 43c 

GSE (mg/kg i.g.)+WRS    
8                                                         15.7 ± 2.6c                                          438 ± 37c

16                                                       13.4 ± 2.3c                                          549 ± 38c

32                                                       10.3 ± 1.9c                                          675 ± 40c

64                                                         8.6 ± 0.8c                                           695 ± 43c  
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GBF induced by this extract in L-NNA treated animals. 
Capsaicin-denervation which by themselves aggravated 

ethanol- and WRS-induced gastric damage significantly 
attenuated the GSE-induced protection and hyperemia 
against lesions induced by ethanol or WRS (Table 4, 
Figure 5).  Co-administrat ion of  calcitonine gene-
related peptide (CGRP) with GSE in rats with capsaicin-
denervation restored the protective and hyperemic effects 
of  this extract against ethanol- and WRS-induced gastric 
lesions. 
Gastric mucosal expression of mRNA for SOD in ethanol-
treated rats with or without pretreatment with GSE 
As shown in Figure 6, mRNA for SOD was detected by 
RT-PCR as a strong signal in the gastric mucosa of  vehicle-
control animal not treated with ethanol. In contrast, the 
signal for the SOD mRNA in the gastric mucosa of  
ethanol-treated rats was faint. The ratio of  SOD mRNA 



Figure 3  Effect of GSE (32 mg/kg ig) on the mean number of WRS-induced 
gastric lesions and accompanying alterations in the gastric mucosal PGE2 
generation and GBF in rats with or without the pretreatment with indomethacin 
(5mg/kg ip) or rofecoxib (10 mg/kg ig).  Results are mean±SE from 6 to 8 animals 
per group. aP<0.05 vs vehicle (Veh), cP<0.05 vs respective values in animals 
without indomethacin or rofecoxib pretreatment.  
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over β-actin mRNA was significantly decreased in ethanol-
treated animals as compared to those treated with vehicle 
only.  SOD mRNA was strongly expressed in animals 
pretreated with various doses of  GSE (16-64 mg/kg ig) 
before the ethanol application. The ratio of  mRNA for 
SOD over the β-actin mRNA was significantly increased 
in gastric mucosa of  rats pretreated with graded doses of  
GSE as compared to that attained in vehicle-pretreated 
rats that were given ethanol.    

 DISCUSSION
This study shows that GSE attenuates the lesions in the rat 
stomach by the intragastric application of  noxious agent 
such as ethanol or those caused by stress and that this 
protective effect of  GSE is accompanied by the increase 
in the GBF and SOD expression and its activity and 
reduction of  MDA concentration, that is widely considered 
as an index of  lipid peroxidation.  The inhibition of  acid-
dependent lesions caused by WRS can be attributed to the 
inhibition of  acid secretion by this compound as observed 
in this study using well-conditioned and fully adapted GF 
rats. This protective and hyperemic activity of  GSE against 
WRS ulcerogenesis was abolished by COX inhibitors such 
as indomethacin and rofecoxib and significantly reduced 
by L-NNA.  Thus, we conclude that GSE containing 
citrous flavonoids exerts a potent gastroprotective activity 
against ethanol- and WRS-induced gastric lesions and this 
protective effect in the stomach may involve endogenous 
PG derived from COX-1 and COX-2 activity, suppression 
of  lipid peroxidation and gastric hyperemia mediated by 
NO and neuropeptides released from afferent sensory 
nerves.   

Previous studies documented that grapefruit seeds are 
the major depository for limonoids (triterpenoid dilactones 
chemically related to limonin) of  these 77% are neutral 
while 2% are acidic limonoids[1-3].  Grapefruit contains 
also many flavonoids that includes glycosides, naringenin, 
quercetin, kaempferol, hesperetin and apigenin being the 
most abundant among their aglycones[4]. GSE, containing 
flavonoids, has been shown to possess antibacterial, 
antiviral and antifungal properties[2,3]. This beneficial 
action of  GSE was attributed to the antioxidative activity 
of  grapefruit containing citrus flavonoids[4,23], since, for 
instance, these flavonoids were found to exhibit the potent 
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anti-H pylori activity in vitro[5,24].  Furthermore, grapefruit 
containing flavonoids were also recently implicated in 
cytoprotection against injury induced by algal toxins 
in isolated hepatocytes[6,25].  Interestingly, GSE in a 
formulation of  Citricidal, was demonstrated to be effective 
against more than 800 bacterial and vital strains, 100 strains 
of  fungus and a large number of  single or multicelled 
parasites[1]. These antimicrobiological properties against 
a wide range of  Gram-negative and Gram-positive 
organisms were attributed to the disruption by GSE of  
the bacterial membrane and the subsequent liberation by 
this extract of  the bacterial cytoplasmic contents within a 
relatively short time  (e.g. 15-20 min).  In a similar report, 
it was reported that GSE-induced antimicrobial action is 
comparable to that of  proven antibacterials[2].  Moreover, 
naringenin, the bioactive component of  GSE, showed 
anti-cancer activity against human breast cancers[7,26]. The 
underlying mechanism of  the therapeutic efficacy of  citrus 
fruits such as grapefruits and red grapes seems to depend 
upon the presence of  different classes of  polyphenolic 
flavonoids that were shown to inhibit platelet aggregation, 
thus decreasing the risk of  coronary thrombosis and 
myocardial infarction[27-30]. 

The involvement of  GSE in the mechanism of  gastric 
mucosal defense against the formation of  gastric lesions 
caused by obnoxious substances has been little studied. 
Herein, we provide evidence that GSE applied topically 
caused dose-dependent diminution of  acute gastric lesions 
induced by both, 100% ethanol and WRS.  Previous 
studies  demonstrated that the damaging action of  
ethanol and WRS could be attributed to the enhancement 
in the reactive oxygen substances (ROS) and the ROS-
dependent increase in the lipid peroxidation and inhibition 
of  antioxidizing enzyme activity[18,19,21].  We found that 

GSE dose-dependently attenuated the rise in MDA 
content in the gastric mucosa injured by ethanol 
or WRS indicating that this extract can attenuate 
the process of  lipid peroxidation implicated in the 
pathogenesis of  ethanol and WRS-induced gastric 
damage[18,19].  Moreover, we have demonstrated that 
ethanol decreased the gene expression and activity 
of  SOD in the gastric mucosa suggesting that the 
suppression of  key mucosal antioxidizing enzyme 
along with the elevation of  lipid peroxidation, play an 
important role in the pathogenesis of  these lesions. 
This increase in the mucosal lipid peroxidation as well 
as the fall in SOD expression and its activities were 
attenuated by GSE, suggesting that the reduction in 
lipid peroxidation by this seed extract may contribute 
to the attenuation of  the deleterious effect of  noxious 
agents on the gastric mucosa. This is supported by 
the fact that the GBF was elevated and gastric PGE2 

production were enhanced in animals treated with 
GSE as compared to those treated with vehicle. Our 
finding is in accordance with observations that some 
flavonoids stimulated PGE2 production by isolated 
gastric mucosal cells while suppressing gastric acid 
secretion via direct inhibitory effect on H+/K+-
ATPase activity[24].  It is not concluded that NO/NOS 
system is also involved in gastroprotection against 
ethanol and WRS caused by GSE because both, GSE-
induced protection and hyperemia were counteracted 
by L-NNA, a non-specific inhibitor of  NO-synthase 
and this effect was restored in these animals by the 
combined treatment with L-arginine and GSE.  Thus, 
our study implies that some natural products of  the 
citrous fruits such as GSE, afford protection against 
ethanol and stress-induced gastric damage due to 
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endogenous PG and the preservation of  expression and 
activity of  a major antioxidizing enzyme such as SOD. 

The mechanism of  gastroprotective activity of  GSE 
appears to be dependent on endogenous PG and the 
functional activity of  sensory nerves releasing CGRP. This 
notion is supported by our findings that indomethacin, a 
non-selective inhibitor of  COX-1 and COX-2 activity or 
functional ablation of  sensory afferent nerves by capsaicin 
reversed GSE-induced protection and accompanying 
hyperemia. In addition, co-treatment of  exogenous 
CGRP with GSE, administered to replace the deficit of  
this peptide in capsaicin-treated animals, restored the 
protective efficacy of  GSE.  Interestingly, rofecoxib which 
is a highly selective COX-2 inhibitor[17], also attenuated  
the gastroprotective and hyperemic activities of  GSE 
suggesting the involvement of  COX-2 derived products 
in the gastroprotection and increase in the GBF induced 
by this extract.  Further studies assessing the mRNA 
expression of  COX-1 and COX-2 in GSE-treated mucosa 
should reveal which enzymatic pathway is involved in 
aforementioned effects of  this extract. 

This gastroprotective activity of  the GSE could be 
attributed to naringenin, a major GSE flavonoid, because 
this flavonoid was reported to exhibit gastroprotection 
against the gastric injury induced by absolute ethanol, 
predominant ly due to the increase in the mucus 
secretion[10].  It is of  interest that this gastroprotective 
effect of  naringenin and accompanying increase in the 
mucus secretion, were, in part, attenuated by indomethacin, 
supporting the contribution of  endogenous PG to the 
mechanism of  gastroprotection by grapefruit products[10].  
As shown in our present study, GSE by itself  enhanced the 
gastric mucosa generation of  PGE2 but our unpublished 
evidence indicates that this extract can be also effective 
against aspirin-induced gastric lesions under the conditions, 
where PG generation is completely suppressed. Therefore, 
it seems likely, that endogenous PG might not be primary 
mediators of  this protection and other gastroprotective 
factors such as NO and/or neuropeptides released from 
sensory afferent nerves could be involved.  This was the 
reason for carrying out the study with L-NNA, a potent 
NO-synthase inhibitor and with capsaicin, applied in a 
dose that causes functional ablation of  sensory nerves 
releasing vasoactive neuropeptides such as CGRP.  We 
found that L-NNA and capsaicin denervation inhibited 
the GSE-induced protection against ethanol- and WRS-
induced gastr ic lesions and accompanying gastr ic 
mucosal hyperemia. Our study militates against PG as 
the primary mediator in the mechanism of  GSE-induced 
gastroprotection and this remains in accordance with our 
previous report that meciadanol, the synthetic flavonoid 
inhibiting the activity of  HDC, prevented the ethanol- and 
aspirin-induced injury in rat stomach without altering the 
mucosal generation of  prostacyclin (PGI2)[9]. 

Another candidate involved in the GSE-induced 
protection could be gastrin, which is known to exhibit 
both, gastroprotective and hyperemic activities[11]. Indeed, 
we addressed this issue by direct determination of  the 
plasma gastrin levels by specific RIA and we found that 

gastrin is elevated in GSE-treated animals.  This effect 
could be secondary to the inhibition of  gastric acid 
secretion caused by this compound as demonstrated in 
our study by the administration of  GSE to the chronic, 
well-adapted rats with chronic GF. Suppression of  gastric 
secretion by GSE might contribute to the protective 
activity of  this extract against WRS, because WRS damage 
depends upon gastric acidity and becomes exaggerated by 
acidic conditions in the stomach.

In summary, we have demonstrated in this report that 
the pretreatment with GSE reduces the ethanol and WRS-
induced gastric damage through the preservation of  the 
antioxidizing enzyme (SOD) activity, reduction of  free 
radical-dependent lipid peroxidation, enhancement in the 
GBF and plasma gastrin levels. Endogenous PG appears 
to be important mediator of  this protection, but other 
mediators such as NO and neuropeptides released from 
sensory nerves such as CGRP could be also involved 
in the gastroprotective and hyperemic activities of  this 
extract. No study, so far has been undertaken to examine 
the ulcer healing efficacy of  GSE, but the fact that this 
grapefruit seed extract exerts a potent anti-H pylori in 
vitro[30] and profound gastroprotective effects in laboratory 
animals warrants a further approach for its potential 
application in healing of  chronic ulcerations in human 
beings.  
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Abstract
AIM: To invest igate the inf luence of neutrophi l 
adhesion molecule blockade with monoclonal antibody 
(MoAb CD11b) and E. coli  lipopolysaccharide (LPS) 
administration on experimental acute pancreatitis (AP).

METHODS: AP was induced by four ip injections of 
cerulein (Cn) at 1-h intervals. MoAb CD 11b and LPS 
were administered at the beginning of the experiment.

RESULTS: The neutrophil count and chemiluminescence 
were diminished at the beginning of AP. The oxidative 
stress parameters were found within the pancreatic 
gland. MoAb CD 11b used for AP resulted in a significant 
reduction of pancreatic infiltration and pancreatitis 
oxidative stress parameters. Serum interleukin-6 (IL-6) 
was not detected in AP animals, whereas high serum 
IL-6 concentration was noted only in animals receiving 
LPS.

CONCLUSION: Neutrophils are involved in pancreatic 
damage in the early stage of AP. Neutrophil infiltration 
reduction protects the pancreatic gland from destruction 
during AP. LPS does not change the early course of Cn 
pancreatitis in rats.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is an insidious disease. Almost 
75% of  patients suffer from the mild edematous form 
of  AP. About 25% of  patients develop the severe 
disease with a mortality rate of  30-60%. The reasons of  
two different courses still remain unclear. One of  the 
discussed reasons of  organ dysfunction complicating AP is 
excessive leukocyte activation. Activation of  inflammatory 
mediators [interleukins, leukotrienes, TNF-α, PAF, and 
lipopolysaccharide 9LPS)] within the pancreas may result 
in excessive damage within the pancreas, peripancreatic 
tissue or even distant organs[1-3]. The suggestion of  
neutrophil deteriorating role in human AP has largely been 
suggested. LPS, presented in the Gram-negative bacterial 
wall, has been studied extensively as an inflammatory 
stimulating factor contributing to the pathophysiology 
of  conversion from mild to severe form of  AP[4-6]. The 
pathophysiology of  inflammatory process in AP leads 
to the immunomodulation concept. The idea is one of  
the most promising treatment options in AP nowadays. 
The early polymorphonuclear (PMN) requirement is well 
documented in AP.
   The aim of  this study was to investigate the PMN 
activation in the early stage of  experimental cerulein (Cn) 
AP and the influence of  mAb against adhesion molecule 
CD 11b on inflammatory response of  the disease. Besides, 
whether LPS aggravated the early experimental AP in rats 
was also examined. The hypothesis of  early aggravation of  
AP by LPS challenge was investigated.

MATERIALS AND METHODS
The study was performed on male Wistar rats (180-200 g) 
that were kept on standard rat chow and fasted overnight 
before the experiment, but with free access to water. AP 
was induced by four ip injections of  Cn at a dose of  15 
μg/kg (Sigma Chemical Co., St. Louis, USA) in 1 mL 
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of  saline at 1-h intervals. MoAb CD 11b (POLATOM 
Świerk, Poland) was given iv once at the beginning of  the 
experiment at a dose of  1 mg/kg. LPS (Sigma Chemical 
Co., St. Louis, USA) was administered ip at a dose of  
10 mg/kg, simultaneously with the first Cn injection. 
Control animals were injected intravenously with an 
adequate volume of  0.9% saline solution. Five and nine 
hours from the beginning of  the experiment, rats were 
anesthetized with sodium pentobarbital (25 mg/kg ip) and 
thoracolaparotomy was performed. Blood was aspirated 
into the test tubes on 30 U/mL heparin from left ventricle, 
the pancreas was excised, and animals were killed by 
exsanguinations. Pancreas specimen was taken for light 
microscopy and for determination of  malonyldialdehyde 
(MDA), total sulfhydryl groups (SH) and myeloperoxidase 
(MPO). The study protocol was approved by The Local 
Ethic Committee for the Use of  Experimental Animals of  
Medical University (Protocol No. 22/71).
    Animals were divided into seven groups: group 1 (n = 14) 
control, group 2 (n = 16) AP, group 3 (n = 11) AP+MoAb 
CD 11b, group 4 (n = 11) AP+LPS, group 5 (n = 8) 
AP+MoAb CD 11b+LPS, group 6 (n = 8) MoAb CD 11b, 
group 7 (n = 11) LPS.

Whole blood chemiluminescence (CL) assay
CL assay was performed in 1:200 diluted heparinized 
whole blood (30 IU/mL) to reduce artefacts. Diluent 
was prepared with PBS mixed with calcium and magnesium 
chloride (Biomed, Poland) and glucose (0.1%). Granulocyte 
CL was started by the phorbol-12-myristate-13-acetate 
(PMA, ICN Biomedicals Inc., USA). PMA (1 mg) was 
diluted with 1 mL dimethyl-sulfoxide (DMSO, Sigma) to 
the final concentration of  1.6×10-3 mol/L. PMA solution 
was diluted with PBS to the final concentration of
1.6×10-6 mol/L just before the measurement. Luminol 
solution was prepared with 1.77 mg dry substance (ICN 
Biomedicals Inc., USA) combined with 1 mL 0.4% NaOH and 
filled to 3 mL with PBS to obtain 3×10-5 mol/L concentration.

Chemiluminescence measurement
Transparent tubes containing 100 µL heparinized 
whole blood diluted 1:20 with PBS, 200 µL luminol
( 3×10 - 5 mo l/L ) , 500 µL PBS and 200 µL PMA
(1.6×10-5 mol/L) were analyzed in a FB 12 luminometer 
(Berthold Detection Systems, Germany) at 460-nm 
light length. The measurement was carried out at 10-s 
intervals for 20 min. All reagents were kept at 22℃ 
during the procedure. The CL intensity was calculated 
in relative light units (RLU) per 2 000 of  whole blood 
PMN cel ls, per minute (RLU/2 000 PMN ×min).

Serum polymorphonuclear elastase (PMN-E)
T he measurement was ca r r i ed out on the bas i s 
of  commerc ia l ELISA method (PMN-E, K6840 
Immundiagnostic GmbH, Germany). PMN-E serum 
concentration was expressed as nanogram per milliliter.

Pancreatic myeloperoxidase (MPO)
A part of  the pancreatic gland (at least 0.3 g wet mass) was 

taken during the laparotomy. The tissue was homogenized 
(Porter-Elvenheim ) immediately at 4 ℃ with PBS
(pH 7.4). The volume of  PBS was adequate to obtain 5% 
homogenate solution. Then the sample was centrifuged at 
2 400 r/min for 10 min at 4 ℃. The supernatant was taken 
for MPO, SH and MDA measurements. Two milliliters of  
the supernatant was mixed with 0.5 mL of  0.1% phenyl-
methyl-sulfo-fluoride (Sigma Chemicals Co.) and 0.5 mL 
of  0.5% cetrimide (Merck). The mixture was centrifuged 
again at 2 400 r/min at 4 ℃. MPO was measured using 
the ELISA method (Immundiagnostic GmbH, Germany). 
Pancreatic MPO concentration was expressed as nanogram 
per one gram of  protein.

Sulfhydryl groups (-SH) and malonyldialdehyde (MDA) in 
pancreatic homogenate
A total of  300 µL of  pancreatic homogenate was diluted 
with sodium phosphate buffer (10 mmol/L) pH 8.0 to 
obtain 2.5% proteins concentration. Then 300 µL of  
sodium dodecyl sulfate (10%) was added to the sample to 
dissolve proteins in order to expose hidden sulfhydryls. 
Two thousand and four-hundred-microliter PBS was 
added, mixed and the absorbance was measured at 412 nm
(Cecil Super Aquarius CE 9200). Then 300 µL of  DTNB 
was added into the extract or 300 µL of  PBS as blank to 
the reference mixture. Samples were incubated at 37     °C 
in a water bath for 1 h. The absorbance was measured 
again. The concentration of  SH groups was expressed as 
nanomole per milliliter.
   MDA content was measured by spectrophotometer 
(LPO-586 Test Kit) assay (OxisResearch, Portland, USA), 
600 µL of  supernatant was mixed with 1 950 µL of  R1
(10.3 nmol/L N-methyl-2-phenylindole solved in 
acetonitrile) and 450 µL 37% HCl. Samples were incubated 
in a water bath at 45 °C for 1 h, and then centrifuged at 
3 500 r/min for 10 min. The absorbance of  the 
supernatant was measured at 586 nm (Cecil Super 
Aquarius CE 9200).

Plasma α-amylase and lipase activity
The activity of  α-amylase was measured using commercial 
kit RTU 63116 (BioMerieux). Lipase act ivity was 
determined using commercial kit Lipase Color 63109 
(BioMerieux) in units per liter.

Microscopic findings within the pancreatic gland
Hematoxylin-eosin standard staining was performed. An 
experienced pathologist performed the light microscopic 
examination. All samples were estimated with 200× 
magnification. Edema, vacuolization and necrosis of  
pancreatic cells were established in modified Spormann 
scale (0-3 points each parameter). PMN infiltration within 
the pancreatic parenchyma was calculated as mean number 
of  neutrophils in 10 consecutive microscopic fields by a 
“blinded” pathologist.

Whole WBC count
Whole WBC and neutrophils were counted in Bürker’
s camera following 1∶200 dilution with Türk’s solution. 
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CD 11b given before AP induction significantly increase 
WBC/PMN count in peripheral blood (from 2 204/614 
to 3 942/2315 after 5 h of  observation and from 4 225/1 
286 to 4 037/1 120 cells/µL after 9 h of  observation). LPS 
in AP group diminished peripheral WBC count 5 h after 
AP, while ameliorated their count 9 h after AP induction. 
LPS given with MoAb CD 11b in AP resulted in a time-
dependent decrease of  WBC count. MoAb CD 11b given 
to healthy animals did not change WBC count significantly. 
LPS given to healthy animals gradually reduced WBC 
count (Table 1).

Oxidative stress parameters within pancreatic tissue
Sulfhydryl (-SH) compounds and malonyldialdehyde 
(MDA) concentration in pancreatic homogenate  The 
concentration of  (-SH) groups in pancreatic homogenate 
reduced from 60.3 nmol/mg protein in control group 
to 40.2 nmol/mg protein in AP group after 5 h of  
observation. Depletion of  (-SH) compounds accompanied 
the elevation of  MDA concentration in pancreatic 
homogenate from 0.21 nmol/mg protein in control group 
to 0.38 nmol/mg protein in AP group in the same period 
of  time. After 9 h of  observation concentration of  (-SH) 
groups reduced from 64.7 nmol/mg in control group to 
43.5 nmol/mg in AP group. LPS and MoAb CD 11b given 
together or separately in AP did not change the (-SH) 
group concentration in both periods of  observation in
comparison to AP group (group 2). MDA concentration in 

Table 1 WBC and PMN cells count (/µL, mean±SD)

Group       WBC after 5 h      WBC after 9 h        PMN after 5 h    PMN after 9 h

       (/µL)                    (/µL)                         (/µL)                   (/µL)

Control  5 120  ± 1 220       5 597 ± 1 447 1 230 ± 490             1 434 ± 569

AP  2 204a± 705a        4 225 ±583   614a ± 229a             1 286 ± 598

AP+MoAb  3 942c± 493c        4 037 ±1 778 2 315c±850c             1 120 ± 705

AP+LPS  1 678  ± 259         6 762c±580c 1 047 ± 560             5 146c±1 124c

AP+MoAb  4 087  ± 259          5 450 ± 580 1 830 ± 560             3 250 ± 1 124
    +LPS 

MoAb  6 587±1 003        3 887 ± 1 612 2 200 ± 502                990 ± 307

LPS  3 771a±1 510a      4 100 ± 1 824 2 892a±1 372a          2 959a±1 553a

aP<0.05 vs control group; cP<0.05 vs AP group.

Group  SH after 5 h       SH after 9 h        MDA after 5 h       MDA after 9 h

Control    60.3 ± 7.3          64.7 ± 8.3 0.21 ± 0.02             0.22 ± 0.03

AP    40.2a ± 8.5a         43.5a ± 4.3a 0.38a ± 0.07a             0.39a ± 0.03a

AP+MoAb     40.0 ± 6.5          46.7 ± 1.4 0.25c ± 0.06c             0.26c ± 0.03c

AP+LPS    40.0±6.8          41.1 ± 8.2 0.39 ± 0.07             0.41 ± 0.1

AP+MoAb    39.0 ± 6.7          40.4 ± 5.0 0.37 ± 0.08             0.35 ± 0.2
+LPS

MoAb    63.4 ± 8.6          59.4 ± 9.0 0.2 ± 0.03             0.21 ± 0.04

LPS    52.0 ± 9.1          48.6 ± 4.7 0.28 ± 0.04             0.35 ± 0.05

aP<0.05 vs control group; cP<0.05 vs AP group.

Table 2 SH compound and MDA concentration within pancreatic 
homogenate (nmol/mg protein, mean±SD)

Cells were counted twice by experienced laboratory 
technician and the mean value was considered as the result.

Interleukin-6 (IL-6) concentration
Serum IL-6 concentration was determined using the 
commercial ELISA kit Rat-IL-6 (Biosource). The 
reaction was based on the peroxidation of  tetra-methyl-
benzydine. The absorbance measurement was made using 
an automatic reader (Organon Teknika; Reader 200) at 
450-nm wave length.

Statistical analysis
Data were expressed as mean±SD. One-way analysis of  
variance with the post hoc analysis was employed to compare 
the groups. P<0.05 was considered statistically significant.

RESULTS
Whole blood chemiluminescence (CL) intensity
CL intensity of  peripheral blood neutrophils was 
significantly lower in Cn AP group after 5 and 9 h of  
observation than that in control animals. CL was reduced 
from 1 700 to 1 086 RLU/min ×2 000 PMN in AP 
group, and from 1 842 to 988 RLU/min ×2 000 PMN 
after 9 h. MoAb CD 11b given before AP induction did 
not significantly decrease CL intensity in group 3, but 
the CL intensity decreased from 1 086 to 1 421 after 5 h 
and from 988 to 1 408 RLU/2 000 PMN ×min after 9 h
of  AP induction. No important reduction of  CL was 
observed in AP groups receiving LPS or LPS and MoAb 
CD 11b. MoAb CD 11b given to healthy animals did not 
change CL value significantly. LPS given to healthy animals 
significantly reduced CL from 1 842 to 976 RLU/2 000 
PMN ×min after 9 h of  experiment (Figure 1).

WBC and polymorphonuclear cell (PMN) count
Induction of  Cn AP resulted in a significant reduction 
of  peripheral WBC from 5 120 in control group to
2 204 cells/µL in AP group after 5 h of  observation. 
PMN count in peripheral blood reduced from 1 230 to
614 cells/µL during the same period of  time. MoAb 

Figure 1 Whole blood CL. aP<0.05 vs control group.
Control               AP              AP+MoAb         AP+LPS      AP+MoAb+LPS
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AP group treated with MoAb CD 11b reduced significantly 
from 0.38 to 0.25 after 5 h of  observation and from 0.39 
to 0.26 nmol/mg protein after 9 h of  observation (Figure 
2A and Table 2).

Myeloperoxidase (MPO) level in pancreatic homogenate
AP significantly increased pancreatic MPO concentration 
from 260 in control animals to 602 ng/g protein in AP 
group after 5 h of  observatiozn and from 280 ng/g 
protein to 626 ng/g protein after 9 h of  observation 
compared to control group. Adhesion molecule blockade 
with MoAb CD 11b, prior to AP induction, protected the 
pancreatic gland from MPO elevation after 5 h (from 602 to 
168 ng/g protein) and 9 h of  observation (626-246 ng/g 
protein, Figure 2B). LPS or LPS with MoAb CD 11b given 
to AP groups did not change the course of  pancreatic 
MPO activity (data not shown).

α-Amylase and lipase plasma activity
Cn (15 μg/kg for 4 h) caused transient hyperamylasemia 
and hyperl ipasemia in a l l AP g roups after 5 h of  

observation (groups 2-5). Animals receiving MoAb 
CD 11b alone or with LPS in AP (groups 3 and 5) had 
significantly lower α-amylase and lipase activity after 9 h of  
experiment compared to other AP groups (groups 2 and 4, 
Table 3).

Polymorphonuclear elastase (PMN-E) plasma activity
Cn-induced AP caused an elevation of  plasma PMN-E in 
all AP groups (groups 2-5). AP animals receiving MoAb 
CD 11b alone or with LPS had significantly lower PMN-E 
activity in both periods compared to other AP groups. LPS 
given to healthy animals elevated plasma PMN-E in a time-
dependent manner (3 ng/mL after 5 h and 8 ng/mL after 
9 h of  observation, Figure 3).

Interleukin-6 plasma concentration
IL-6 was detectable in high concentration only after 5 h 
of  observation in groups 4, 5, and 7 receiving LPS. AP did 
not correlate with IL-6 plasma level (Table 4).

Microscopic findings within pancreatic gland
Cn-induced AP caused marked pancreatic interstitial 
edema and acinar cell vacuolization, neutrophil infiltration 
and foc i of  necros i s. mAb g iven in AP reduced 
significantly interstitial neutrophil infiltration within the 
pancreas after 5 h of  observation. LPS alone given to 
healthy animals resulted in a significant acceleration of  
pancreatic infiltration in comparison to control animals. 
Lipopolysaccharide given in AP did not result in significant 

B

A

0.6

0.45

0.3

0.15

0
Control               AP            AP+MoAb      AP+LPS      AP+MoAb+LPS

Control                 AP            AP+MoAb     AP+LPS      AP+MoAb+LPS

Figure 2 MDA (A) and MPO (B) level in pancreatic homogenate. aP<0.05 
vs control group; cP<0.05 vs AP group. MDA: malonyldialdehyde; MPO: 
myeloperoxidase.

Group               Α-Amylase          Α-Amylase             Lipase                  Lipase 
                             after 5 h                after 9 h               after 5 h              after 9 h

Control         690 ± 120                 743 ± 156           6 ± 8                     8 ± 9
AP      8 286a ± 143a           5 908a ± 640a      2 140a ± 1 123a        929a ± 252a

AP+MoAb      5 119 ± 2 487          2 293c ± 1 739c       1 704 ± 731            342c ± 178c

AP+LPS      9 310 ± 7 552           4 001 ± 1 638       2 573 ± 2 133       1 257 ± 164
AP+MoAb     12 699c ± 4 978c        2 719c ± 634c       3 470 ± 1 832          305c ± 65c

     +LPS
MoAb          696 ± 151                 582 ± 273            21 ± 12                     8 ± 4
LPS          584 ± 182                 332 ± 93            11 ± 8                      8 ± 4

Table 3 Plasma α-amylase and lipase activity (U/L, mean ± SD)

aP<0.05 vs control group; cP<0.05 vs AP group.
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Figure 3 Plasma PMN-E concentration. aP<0.05 vs control group; cP<0.05 vs AP 
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a

c

MDA after 5h
MDA after 9h

MPO after 5h
MPO after 9h

Control                  AP              AP+MoAb      AP+LPS      AP+MoAb+LPS

a
c

25

20

15

10

5

0

ng/ml

c

PMN-elastase after 5h
PMN-elastase after 9h



Hać S et al. Neutrophils in acute pancreatitis                 6463

exacerbation of  microscopic findings within the pancreatic 
gland (Table 5).

DISCUSSION
Cn-induced AP is a widely accepted model of  acute 
edematous pancreatitis in rats. The intraperitoneal 
route of  four doses of  Cn (15 µg/kg) at 1-h intervals 
is as effective as the intravenous route[7-9]. Based on the 
morphologic criteria of  acute edematous pancreatitis 
including acinar cell vacuolization, interlobar and 
interstitial edema, leukocyte infiltration and foci of  acinar 
cell necrosis, all animals receiving Cn revealed a remarkable 
hyperamylasemia and hyperlipasemia at the presented 
study.
     The time of  observation was established on the basis 
of  preliminary experiments, maximum effect of  Cn and 
T1/2 elimination of  MoAb CD11b. The production of  
highly reactive molecules in PMN, as a result of  respiratory 
burst activation, is an essential step in host defense against 
micro-organisms. The production of  these highly reactive 
molecules can be measured by CL. CL is the process of  
light emission derived from the chemical reaction in which 

excited molecules decay the electronic basic state and 
emit photons. The CL intensity is directly proportional to 
cell activation and competence. Measurement of  CL is a 
valuable and simple tool in studying PMN activity[10,11]. CL 
method is used in experimental and clinical medicine to 
evaluate the function of  different cell types. CL detection 
is used as a label which allows signal amplification due to 
the enzyme-catalyzed reaction, thus obtaining a higher 
sensitivity[11]. The whole blood CL assay requires small 
blood samples and avoids artefacts due to cell isolation. 
The disadvantage of  whole blood CL measurement is light 
extinguished by erythrocytes. Thus, highly diluted (final 
sample dilution 1:200) samples of  whole blood are used. 
The diluted whole blood CL corresponds to individual 
neutrophil activity, because in this case interaction between 
cells and plasma is minimal[12].
    Neutrophil infiltration is the universal feature of  acute 
and chronic inflammatory process. The adhesion to vessel 
epithelium is followed by interstitial migration and action 
in the inflammatory focus[13-15]. This phenomenon is 
well documented. Neutrophil infiltration is the evidence 
of  cell activation[16-20]. Experimental pancreatitis in the 
present study resulted in early PMN infiltration within the 
pancreatic gland. Whole blood white cells and neutrophils, 
in pancreatitis groups, reduced compared to control 
animals and also whole blood neutrophil CL reduced in AP 
groups during the same period of  time. The phenomenon 
of  low CL activity in pancreatitis group may be due to the 
migration of  activated cells into interstitial space. After 9 h
of  experiment, the WBC and PMN count of  AP group 
were similar to control one, because peripheral white 
cells perhaps were supplemented by immature cells from 
the bone marrow. However, the CL was still significantly 
lower, parallel to the results obtained in preliminary 
investigation[21]. The other possible explanation may be 

Table 4 Plasma IL-6 concentration (pg/mL, mean ± SD)
Group          IL-6 after 5 h  IL-6 after 9 h

AP                                   0.6 ± 2.0      0.0 ± 0.0

AP+MoAb               4.7 ± 7.0      0.0 ± 0.0

AP+LPS          982.0c ± 749.0c    10.0 ± 20.0

AP+MoAb+LPS       1 561.0c ± 493.0c      0.0 ± 0.0

Control               0.2 ± 0.3      0.1 ± 0.3

MoAb               0.0 ± 0.0      0.0 ± 0.0

LPS          941.0a ± 756.0a      2.0 ± 4.0
aP<0.05 vs control group; cP<0.05 vs AP group.

Table 5 Microscopic findings within the pancreatic gland (mean ± SD)

                Edema                             Vacuolization                      Infiltration                       Necrosis

5 9 5 9 5 9 5 9

Group 1

Control

0.00

±0.00

0.00

±0.00

0.00

±0.00

0.00

±0.00

1.1

±0.9

1.21

±1.03

0.00

±0.00

0.00

±0.00

Group 2

AP

1.91a

±0.90a

0.50

±0.57

2.50a

±0.90a

1.00

±1.41

7.40a

±5.29a

14.60a

±2.37a

0.17

±0.38

0.25

±0.50

Group 3

AP+MoAb CD11b

2.28

±0.75

1.50

±1.00

1.71

±0.4 8

1.50

±1.00

3.87c

±1.69c

10.95

±0.92

0.00

±0.00

0.00

±0.00

Group 4

AP+LPS

1.28

±1.25

2.00

±1.15

1.57

±1.39

1.25

±1.25

10.94

±3.02

17.92

±5.98

0.14

±0.37

0.00

±0.00

Group 5

AP+MoAbCD11b +LPS

2.50

±1.00

1.00

±0.00

2.00

±1.15

1.00

±0.00

10.40

±8.30

15.10

±6.46

0.00

±0.00

0.00

±0.00

Group 6

Control+MoAb CD11b

0.25

±0.50

0.00

±0.00

0.00

±0.00

0.00

±0.00

0.80

±1.04

0.25

±0.30

0.00

±0.00

0.00

±0.00

Group 7

Control+LPS

0.00

±0.00

0.00

±0.00

0.00

±0.00

0.00

±0.00

2.45

±2.75

6.00a

±4.11a

0.00

±0.00

0.00

±0.00

aP<0.05 vs control group; cP<0.05 vs AP group.

Houvs
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the action of  plasma anti-inflammatory agents (cytokines: 
IL-10, IL-11; soluble receptors: IL-1ra, p75 or prostanoids 
PGE2 and PGI)[22].
    Some data have confirmed that CL intensity is elevated 
in AP[23,24]. A different methodology of  measurement may 
be the reason. The majority of  investigators have analyzed 
the isolated neutrophils, whereas any isolation technique 
can change the neutrophil activity status[15,25]. On the 
other hand, the CL elevation may occur due to infection 
complicating AP clinical course.
   CD11b is a well-known surface adhesion molecule 
of  neutrophils. The use of  mAb against CD11b results 
in competitive binding of  specific adhesion molecules. 
Administration of  MoAb CD11b in the present study 
significantly reduced the neutrophil infiltration within the 
pancreatic gland in AP animals. The pancreatic MPO tissue 
level was correlated to pancreatic neutrophil infiltration. 
Neutrophil depletion may protect pancreas from damage 
during AP as was observed by several other authors[16-18].
PAF antagonists reduce adhesion molecule expression 
and may prevent PMN infiltration of  the pancreatic 
gland during AP. Another known pathomechanism of  
pancreatic damage during AP is oxidative stress. Several 
other authors documented that free radicals are generated 
in experimental AP[17-20]. Oxidative stress and lipid 
peroxidation debris elevated concentration was observed 
in animals with AP. MoAb CD11b administration during 
AP in the present study did not change the (-SH) groups 
concentration within the pancreatic gland, but the 
significant reduction of  pancreatic MDA concentration 
was observed. The similar result was noticed in preliminary 
study group[21].
   PMNs are the major source of  oxygen radicals. 
Neutrophil NADPH-oxidase activation leads to the 
production of  superoxide radicals during AP. Thus, 
MoAb 11b protects lipid peroxidation within pancreatic 
parenchyma in group 3. Our observations suggest that 
MoAb 11b induces neutrophil depletion in AP[16-20].
Substances which are thought to be effective in AP 
treatment (i .e. , procaine, dextran, NO or heparin) 
reduce the aggregation of  blood cells[14,26-29]. The role of  
ischemia-reperfusion and xanthine oxidase reaction is 
also the source of  ROS in AP[26,29,30]. The aggregation of  
neutrophils and platelets may result in vessel obstruction. 
Kusterer et  al[14] found that leukocyte adherence can be 
observed within the first 30 min from AP induction. The 
early neutrophil requirement determines the early adhesion 
molecule blockade necessity.
    In our investigation, the IL-6 plasma concentration in 
AP groups was not elevated in both observation periods in 
comparison to control animals. IL-6 is a marker cytokine 
in severe human AP. Edematous AP may not demonstrate 
cytokinemia during the early stage of  the disease[31-34]. On 
the other hand, some data suggest that IL-6 and other 
pro-inflammatory cytokines are elevated in Cn-induced 
AP[8,35]. The difference may be related to the different 
method of  measurement. The biological method is not so 
specific compared to ELISA technique used in the present 
experiment[34]. On the other hand, IL-6 may be the marker 

of  complications or SIRS but not AP “per se”. Numerous 
data have confirmed the early inflammatory process in 
the pancreatic parenchyma in early AP. Local cytokine 
concentration is much higher than the peripheral one[33,36]. 
The liver plays a cardinal role in cytokine clearance in  the 
early stage of  the disease. These facts confirm the local 
characteristic of  AP in the edematous form of  the disease.
    The pathogenesis of  AP is the involvement of  bacterial 
LPS. LPS is the universal stimulator of  inflammatory 
process. Digestive tract bacteria are the major source 
of  LPS in AP. Mucosal damage is the reason of  LPS 
detection in early course of  AP. The infected pancreatic 
necrosis foci are responsible for LPS detection in late stage 
of  AP. In the present work, group 7 was the evidence of  
LPS action on healthy animals. The LPS administered 
intraperitoneally worked as a systemic inflammatory 
agent. There was the elevation in peripheral PMN count, 
pancreatic infiltration and high plasma IL-6 concentration. 
AP rats receiving LPS (group 4) revealed slight depletion 
in circulating neutrophils compared to AP group after 5 h
of  experiment. It could be the consequence of  larger 
neutrophil sequestration. After 9 h of  experiment, elevated 
peripheral blood PMN count was elevated, but the CL 
intensity was as low as that in AP group. We observed 
elevation of  circulating PMN count in group 4 after 9 h of  
observation. But CL intensity was not elevated in the same 
period. The difference in PMN count after 5 and 9 h of   
experiment might be the result of  bone marrow or spleen 
release. Edematous AP seems to be the local inflammatory 
process, whereas LPS administration resulted in huge 
WBC and PMN count elevation after 9 h of  observation.
   The data confirm the early neutrophil requirement in 
AP. But surprisingly, the activation of  circulating PMN was 
lower in AP than in control animals. This phenomenon 
may result from activated cell sequestration within the 
inflamed pancreatic gland. The adhesion molecule CD11b 
blockade and neutrophil infiltration reduction can protect 
the pancreatic parenchyma from damage. The early 
PMN involvement of  PMN makes it difficult to conduct 
comparable clinical trials. Most AP patients admitted to 
the hospital have at least few hours of  history. The idea 
of  immunomodulation seems to be attractive but needs 
further investigations.
   In conclusion, the circulating neutrophil and activity 
are reduced in the early period of  Cn-induced AP in 
rats. Adhesion molecule CD11b blockade can prevent 
pancreatic infiltration and oxidative stress within the 
pancreatic gland during AP in rats. Lipopolysaccharide 
septic challenge does not change the early course of  Cn-
induced AP in rats.
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Abstract
AIM: To invest igate the effect of s ix bi le salts: 
glycocholate (GC), glycochenodeoxycholate (GCDC), 
g l ycodeoxycho la te (GDC) , t au rocho la te (TC) , 
taurochenodeoxycholate (TCDC), taurodeoxycholate 
(TDC), and their mixture on cultured human normal 
esophageal mucosal epithelial cells.

METHODS: Human normal esophageal mucosal 
ep i the l ia l ce l l s were cu l tured wi th serum-free 
keratinocyte medium. 3-[4,5-Dimethylthiaolyl]-2,5-
diphenyl-tetrazolium bromide assay was applied to the 
detection of cell proliferation. Apoptotic morphology 
was observed by phase-contrast video microscopy 
and terminal deoxynucleotidyl transferase-mediated 
dUTP nick end labeling (TUNEL) assay. Sub-G1 DNA 
fragmentations and early apoptotic cells were assayed 
by flow cytometry (FCM) with propidium iodide (PI) 
staining and annexin V-FITC conjugated with PI staining. 
Apoptotic DNA ladders on agarose gel electrophoresis 
were observed.

RESULTS: Except for GC, GCDC, GDC, TC, TCDC, TDC
and their mixture could initiate growth inhibition of 
esophageal mucosal epithelial cells in a dose- and 
time-dependent manner. TUNEL and FCM assays 
demonstrated that the bile salts at 500 μmol/L and their 
mixture at 1 500 μmol/L induced apoptosis except for 
GC. The percentage of sub-G1 detected by FCM with PI 
staining was 83.5% in cells treated with 500 μmol/L TC 
for 2 h, and 19.8%, 20.4%, 25.6%, 13.5%, and 75.8% 
in cells treated with 500 μmol/L GCDC, TCDC, GDC, 
TDC, and 1 500 μmol/L mixture for 24 h, respectively, 
which were higher than that of the control (1.5%). The 
percentage was 1.4% in cells with 500 μmol/L GC for 24 h. 
DNA ladders on agarose gel electrophoresis were seen in
cells treated with 500 μmol/L TC for 2 h and 1 500 μmol/L 

mixture for 24 h.

CONCLUSION: All GCDC, GDC, TC, TCDC, TDC and 
their mixture can inhibit growth and induce apoptosis of 
cultured human normal esophageal mucosal epithelial 
cells, but GC is well tolerated by the cells.

©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Duodenogastroesophageal ref lux (DGER) causes 
various gastroesophageal reflux diseases (GERD), and is 
associated with some complications of  GERD, such as 
reflux esophagitis, Barrett's esophagus, and esophageal 
carcinoma. It is well known that the incidence of  
adenocarcinoma of  the esophagogastric junction has been 
increasing during the past decade in Western countries[1]. 
It was also reported that the incidence of  GERD is 
increasing in the developing countries, such as China[2]. 
The potential contribution of  gastroduodenal components 
to the development of  Barrett's esophagus remains 
unclear. But bile acids, presenting especially frequently in 
the refluxate of  Barrett's esophagus patients, are likely to 
influence the development and persistence of  metaplasia[3–5]. 
On the other hand, bile salts can enter mucosal cells 
in their non-ionized lipophilic form, and cause injuries to 
cell membranes and tight junctions, thus leading to cell 
necrosis[6]. It has been reported recently that bile acids 
upregulate the expression of  COX-2 in Barrett’s esophagus 
biopsy explant culture systems [7]. Overexpression of  
COX-2 inhibits apoptosis[8,9]. However, present studies 
about bile salt-caused cellular injury performed on 
hepatocytes[10] and colon cancer cell lines[11,12] showed 
that different bile salts can induce cell apoptosis. Direct 
oligomerization of  the Fas receptor (CD95/Apo-1) has 
been suggested as the primary causative mechanism of  
bile salt-mediated hepatocyte apoptosis[13]. Therefore, it is 
necessary to investigate the injury mechanism of  bile salts 
on human normal esophageal epithelial cells.
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There are no studies about bile salt-induced apoptosis 
in normal human esophageal epithelial cells. In the present 
study, normal human esophageal epithelial cells were 
cultured successfully. We characterized the kinetics of  
different bile salt-inhibited growth and different bile salt-
induced apoptosis in cultured normal human esophageal 
epithelial cells. The specificity of  death induction by toxic 
bile salts was demonstrated.

MATERIALS AND METHODS

Materials
Serum-free keratinocyte medium for culture of  human 
keratinocytes (K-SFM) and dispase were purchased from 
GIBCO. DMEM was from Hyclone and trypsin was 
from Sigma, fetal bovine serum (FBS) from Hangzhou 
Jiangbin Biotechnology Co., Ltd. Glycocholate (GC), 
glycochenodeoxycholate (GCDC), glycodeoxycholate 
(GDC), taurocholate (TC), taurochenodeoxycholate 
(TCDC), and taurodeoxycholate (TDC) were from Sigma. 
Terminal deoxynucleotidyl transferase-mediated dUTP 
nick end labeling (TUNEL) kits were purchased from 
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd. 
Annexin V-FITC apoptosis detection kit I was from BD 
Biosciences.

Cell culture
Human normal esophageal epithelial cells, cultured from 
normal esophageal epithelium, were obtained from the 
resected esophagus of  a patient suffering from esophageal 
carcinoma. Tissue for culture was selected just near the 
edge of  the surgical resection specimens and far away 
from carcinoma lesions. Tissues were confirmed to 
contain no macroscopic tumor tissue or histologically 
detectable metaplastic cells or cancer cells[14,15]. Written 
informed consent was obtained from the patient for 
surgery and for the usage of  his resected samples. Tunica 
mucosa was separated from the tissues with forceps, and 
cut into 0.2 cm × 0.5 cm fragments, then the pieces were 
transferred to a petri dish containing 25 U/mL dispase[16] 
and incubated for 18-24 h at 4 °C. Epithelial sheets were 
separated from the full-thickness mucosa with forceps, 
pooled in PBS containing 0.25% trypsin/0.02% EDTA, 
and incubated at 37 °C for 15-20 min with gentle pipetting 
to dissociate aid cells. Trypsin activity was terminated by 
the addition of  DMEM with 10% FBS. The dissociated 
cells were collected and grown in K-SFM (pH 7.4) in a 
humidified atmosphere consisting of 50 mL/L CO2/95% air 
at 37 °C. K-SFM contained 3 μL epidermal growth factor, 
and 0.438 g L-glutamine, 0.9 mL bovine pituitary extract 
per 500 mL, which was based, but modified on the media 
of  esophageal cells[17] and skin keratinocytes[18,19]. The cells 
were subcultured and those in passages 3-6 were selected 
to be used in the study. In the following study, different 
bile salts were added into the K-SFM (pH 7.1-7.3).

Assessment of cell proliferation
3-[4,5-Dimethylthiaolyl]-2,5-diphenyl-tetrazolium 

bromide (MTT) assay was conducted to determine the 
cell proliferation. Cells were treated with six bile salts at 
the concentrations of  500, 250, and 50 μmol/L, and their 
mixture at the concentrations of  1 500, 1 000, 500, and 
250 μmol/L at the ratio 2:2:1:2:2:1.

Cells were seeded on a 96-well plate (4-6×104 cells/
well). After 24 h of  seeding, cells were treated with 
different bile salts for 3 d and untreated cells served as a 
control. Prior to the determination, 10 μL of  the 2.5 g/L 
stock solution of  MTT was added to each well. After 4 h 
of  incubation, the culture media were discarded followed 
by addition of  100 mL of  DMSO to each well and 
vibration for 10 min. The absorbance (A) was measured at 
492 nm with a microplate reader. The percentage of  viable 
cells was calculated as follows: (A of  experimental group/
A of  control group)×100%.

Flow cytometry by PI staining
Cells from the medium supernatant and adherent cells 
treated with bile salts were collected and pelleted at
1 200 U/min. The harvested cells were fixed with 1 mL of  
75% cold ethanol at -20 °C for a night, and then washed 
with PBS. Cell pellets were incubated with 10 μg/mL 
RNAse and stained with 50 μg/mL propidium iodide 
(PI) for 30 min in the dark. Samples were analyzed using 
a FACSCalibur flow cytometer (FCM) with an excitation 
wavelength of  488 nm. The resulting histograms were 
analyzed by the program CELLQuest. A total of  2 104 
cells were detected by FCM in each of  the samples.

Flow cytometry by annexin V-FITC conjugated with PI 
staining[20]

Cells from the medium supernatant and adherent 
cells treated with bile salts were collected and pelleted 
at 1 200 U/min. Pellets were washed twice with cold 
PBS and then resuspended in a binding buffer at a 
concentration of 1×106 cells/mL, and two volumes of  
the 100 μL solution (1×105 cells) were transferred to two 
5-mL culture tubes. Five microliters of  annexin V-FITC 
and 5 μL of  PI were added into each of  the 100 μL 
solution, and the cells were gently vortexed and incubated 
for 15 min at room temperature in the dark. The samples, 
to which 4 0 0  μ L of  1× binding buffer was added, were 
analyzed by FACSCalibur FCM within 1 h. A total of  
2×104 cells were detected by FCM in each of  the samples.

TUNEL assay
Apoptosis of  cells was analyzed using an in situ cell 
apoptosis detection kit based on the TUNEL technique. 
Cells were grown on chamber glass culture slides and treated 
with bile salts. To avoid adherence of  the apoptotic cells, the 
slides were coated with poly-lysine. In brief, after the cells 
were treated with or without bile salts for the indicated time, 
they were fixed overnight in 100 g/L formaldehyde, then 
treated with proteinase K and H2O2, labeled with dUTP 
in a humidified box at 37 °C for 1 h. The cells without 
addition of  TdT enzyme were used as a negative control. 
The positive cells/the total cells were calculated using an 
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image-analysis system. A mean of  20 adjacent fields, at a 
magnification of  ×400, was analyzed for each section[21].

DNA fragmentation
A total of  106-107 cells treated with bile salts were 
collected and low molecular weight DNA was extracted 
using a cell apoptosis DNA ladder extraction kit (Beijing 
Dingguo Biotechnology Co., Ltd). Standard loading 
buffer was added, 20 μL DNA samples was run on an 1% 
agarose gel containing 0.1% ethidium bromide in TAE 
buffer (40 mmol/L Tris, 20 mmol/L sodium acetate, and 
1 mmol/L EDTA, pH 8.0).

Statistical analysis
All values were expressed as mean±SD. Statistical 
differences between means were calculated by the 
Student's t-test and the χ2 test. P  < 0.05 was considered 
statistically significant.

RESULTS
Human normal esophageal mucosal epithelial cells were 
cultured with serum-free keratinocyte medium successfully 
without contamination of  fibroblasts, and could be 
passaged for more than 20 times without senescence. Cells 
in passages 3-6 were selected for the following research.

Inhibiting growth
The cell viability was determined by MTT assay 

(Figure 1). Except for GC, the other five bile salts and 
their mixture inhibited the growth of  normal human 
esophageal mucosal epithelial cells in a dose- and time-
dependent manner. The mixture at 1 500 μmol/L had an 

inhibitory effect of  79% on esophageal mucosal epithelial 
cells after 24-h treatment. Cell growth was suppressed by 
96% after 24-h treatment with TC at 500 μmol/L, higher 
than that after being treated with other bile salts at the 
same concentration (P < 0.01). Cell growth was suppressed 
by 51%, 58%, 65%, and 24% after 24-h treatment 
with GCDC, GDC, TCDC, and TDC at 500 μmol/L, 
respectively.

Apoptosis induced by the mixture of bile salts
The mixture of  bile salts induced apoptosis of  cultured 
human normal mucosal epithelial cells. Morphological 
criteria of  cell apoptosis, such as membrane blebbing, 
cell shrinkage, and nuclear condensation, were assessed
3 h after the addition of  the mixture at the concentrations 
of  1 500 μmol/L by phase-contrast video microscopy 
(Figure 2A). FCM assays with only PI staining showed that 
27.6% and 75.8% of  the cells treated with 1 500 μmol/L 
bile salt mixture for 12 and 24 h, respectively, were in 
sub-G1, which were higher than that of  the control (1.5%, 
P<0.01), and 13.5% of  the cells treated with 1 000 μmol/L
bile salt mixture for 12 h were in sub-G1 (Figure 2B). 
Early apoptotic cells, detected by FCM with annexin-V 
conjugated with PI staining, reached 8.4%, 6 h after being 
treated with 1 500 μmol/L bile salt mixture, higher than 
that of  the control (2.3%, P < 0.01, Figure 2C). TUNEL 
assay also proved that bile salt mixture induced cell 
apoptosis, because the number of  positively stained nuclei 
was (30 ± 8)% in cells after being treated with 1 500 μmol/L
bile salt mixture for 12 h, which was significantly higher 
than that of  the control (3% ± 2%, P < 0.01, Figure 2D). 
DNA laddering, a typical sign of  apoptosis, was detectable 
after being treated with 1 500 μmol/L bile salt mixture for 

Figure 1 Effect of GC (A), GCDC (B), GDC (C), TC (D), TCDC (E), TDC (F), and mixture (G) on the growth of cultured normal human esophageal epithelial cells.  (at the 
concentration 50 μmol/L), ■ (250 μmol/L), ▲ (500 μmol/L), △ (1 000 μmol/L), and * (1 500 μmol/L).
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24 h (Figure 3).

Effect of GC, GCDC, TCDC, TC, GDC, and TDC
The assays of  the six bile salts revealed that the other five 
bile salts, except for GC, induced apoptosis of  esophageal 
mucosal epithelial cells. The percentages of  sub-G1 in 
cells treated with different bile salts for 24 h are shown 
in Figure 4. The bile salts induced apoptosis in a time-
dependent manner, 83.5% of  cells were in sub-G1 treated 
with 500 μmol/L TC for 2 h, and the percentages were 
19.8%, 20.4%, 25.6%, and 13.5% in cells treated with 
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Figure 4 Percentages of apoptotic cells. 1: Control; 2: GC; 3: GCDC; 4: GDC; 5: 
TC for 2 h; 6: TCDC; 7: TDC; 8: mixture.
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Figure 2 Characterization of bile salt mixture-induced apoptosis of normal esophageal mucosal epithelial cells. A: Morphological changes of apoptotic membrane blebbing 
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Figure 3 DNA fragments. N: control; lane 1: cells treated with GC; lane 2: cells 
treated with TC; lane 3: cells treated with mixture.

D

0.4%

2.3%
8.4%

1.9%

500 μmol/L GCDC, TCDC, GDC, and TDC for 24 h, 
respectively. FCM with annexin-V conjugated with PI 
staining showed that early apoptotic cells reached 24.6% 
in cells treated with 500 μmol/L TC for 30 min, and 6.8%, 
7.6%, 8.3%, and 5.1% in cells treated with 500 μmol/L 
GCDC, GDC, TCDC, and TDC for 6 h, respectively. They 
were all higher than that of  the control (1.9%, P < 0.05). 
The TUNEL assay also revealed that GC did not induce 
apoptosis, but the other five bile salts did. The positively 
stained nuclei were (53 ± 8)%, (2 ± 2)%, (20 ± 4)%, 
( 1 8 ±  3 ) %, (24 ± 6)%, and (16 ± 3)% in cells treated 
with 500 μmol/L TC for only 1 h, and 500 μmol/L GC, 
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GCDC, GDC, TCDC, and TDC for 24 h, respectively. 
Except for GC, all the others were significantly higher than 
that of  the control (3 ± 2)%, P < 0.01). DNA fragments 
were detected in cells treated with TC at 500 μmol/L 
for 2 h (Figure 3).

DISCUSSION
The injury mechanism of  reflux duodenal components 
underlying DGER is still controversial. Bile acids and 
bile salts play a most important role[6]. But the causative 
mechanism of  bile salts has not yet been elucidated in 
detail.

Bile acids constitute 67% of  the normal bile, and 
are conjugated with glycine or taurine. The normal bile 
acids consist of  40% cholic acids, 40% chenodeoxycholic 
acid, and 20% deoxycholic acids, and a minor fraction of  
lithocholic acid and ursodeoxycholic acid[22]. In the present 
study, we investigated the effect of  GC, GCDC, GDC, TC, 
TCDC, and TDC in esophageal epithelial cells. In order 
to speculate the effect of  bile in the duodenoesophageal 
reflux in vivo, we also observed the effect of  the mixture 
of  these six bile salts. Moreover, the concentrations of  bile 
salts in our study were selected from 25 to 500 μmol/L in 
the different bile salts and from 50 to 1 500 μmol/L in the 
mixture. This is because the total bile acid concentration in 
esophagus of  patients suffering from reflux esophagitis is 
0.89 mg/mL[23].

MTT assay in this report demonstrated that five bile 
salts and the mixture, except for GC, could inhibit the 
growth of  cultured human normal esophageal mucosal 
epithelial cells in a dose- and time-dependent manner. 
The induced cell death was a major reason for the cell 
growth inhibition. GCDC, GDC, TC, TCDC, TDC 
and the mixture caused typical apoptotic alterations 
including the morphological changes assessed by phase-
contrast video microscopy and TUNEL assay, positive 
cells stained with annexin-V assessed by FCM, apoptotic 
sub-G1 peak assessed by FCM with PI staining, and 
DNA fragmentation by agarose gel electrophoresis assay. 
However, these apoptosis changes were not seen in cells 
treated with GC.

Differences in the effect of  bile salts on cultured 
normal human esophageal mucosal epithelial cells and 
hepatocytes and colon cancer cell line death were identified 
in this study. Studies performed on hepatocytes showed 
that glycine-conjugated bile acids, such as glycocholic 
and glycochenodeoxycholic acids, induce hepatocyte 
apoptosis in vitro[24], whereas taurine-conjugated bile acids, 
such as taurocholic and taurochenodeoxycholic acids, 
are well tolerated by hepatocytes[25,26]. Cell apoptosis is 
specifically induced by toxic (hydrophobic) bile salts 
such as deoxycholate and dihydroxy bile salt, whereas the 
conjugated bile salt GDC and the trihydroxy bile salt and 
its conjugate GC do not induce apoptosis of  colorectal 
cancer cell lines[11], which are not in accordance with 
our results. Conversely, hepatocyte-cytotoxic glycine-
conjugated bile acids such as GC, which induce hepatocyte 
apoptosis in vitro[24], do not induce apoptosis in esophageal 

mucosal epithelial cells. Whereas the hepatocyte-tolerated 
TC and TCDC[25,26] could induce apoptosis of  esophageal 
mucosal epithelial cells. Our results also showed that TC 
was the most toxic to esophageal mucosal epithelial cells 
compared to the other four bile salts. We speculate that the 
mechanisms of  the bile salts-induced apoptosis in human 
esophageal epithelial cells are different from those in 
hepatocytes or colorectal cancer cell lines. It was reported 
that direct oligomerization of  the Fas receptor could be 
suggested as the primary causative mechanism of  bile salt-
mediated hepatocyte apoptosis[13,27,28]. Some hydrophobic 
bile acids such as TC could activate PI3K-dependent 
survival pathways, which prevent their otherwise inherent 
toxicity in hepatocytes[10,29]. As opposed to hepatocyte 
death mediated by bile acids, bile salt-induced apoptosis of  
human colon cancer cell lines involves the mitochondrial 
transmembrane potential but not the CD95 (Fas/Apo-1) 
receptor[11,30]. Studies are needed to gain further insight 
into the effect of  bile salts on human esophageal mucosal 
epithelial cells.

In conclusion, GCDC, GDC, TC, TCDC, and TDC 
and their mixture inhibit the growth and induce apoptosis 
of  cultured human normal esophageal mucosal epithelial 
cells in a dose- and time-dependent manner. But GC is not 
cytotoxic to the esophageal mucosal epithelial cells. Studies 
are needed to gain further insight into the effect of  bile 
salts on human esophageal mucosal epithelial cells.
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Abstract
AIM: To explore the regularity of multi-meridians 
controlling a same viscus (MMCSV).

METHODS: The rabbit gastr ic u lcer model was 
established by ethanol intragastric instillation. Fifty-six 
rabbits were randomly divided into normal group, model 
group (MG), model plus acupuncture at Foot Yangming 
Meridian group (YMG), model plus acupuncture at Foot 
Taiyin Meridian group (TYG), model plus acupuncture 
at Foot Shaoyang Meridian group (SYG), model plus 
acupuncture at Foot Jueyin Meridian group (JYG), model 
plus acupuncture at Foot Taiyang Meridian group (TYMG), 
with eight rabbits in each group. Gastric mucosal nitric 
oxide (NO) and nitric oxide synthase (NOS) were assayed 
by the nitric acid reductase method, and prostaglandin 
E2 (PGE2) and epidermal growth factor (EGF) were 
measured by radioimmunoassay. The comprehensive 
effects were analyzed by weighing method.

RESULTS: Compared to MG, SYG, JYG and TYMG, the 
rabbits gastric mucosal injury index (GMII) reduced very 
significantly in YMG (P <0.01). Compared to MG, the 
GMII also reduced significantly in TYG (P<0.05). NO, 
NOS, PGE2 and EGF increased very significantly in YMG 
(P<0.01). The EGF in YMG also increased significantly 
than that in TYG compared to those in MG, SYG, JYG and 
TYMG (P<0.05). The PGE2 and EGF also increased very 
significantly in TYG than those in MG, JYG and TYMG 
(P<0.01). While compared to SYG, the NOS increased 
significantly in TYG (P <0.05). NOS was the highest 
in YMG (P<0.01), and was higher in TYG than in MG 
(P<0.01).

CONCLUSION: MMCSV is common. The Foot Yangming 
Meridian is most closely related to the stomach, followed 
by Foot Taiyin Meridian, Foot Shaoyang Meridian and 

Effect of acupuncture at different meridian acupoints on 
changes of related factors for rabbit gastric mucosal injury

Jie Yan, Ren-Da Yang, Jun-Feng He, Shou-Xiang Yi, Xiao-Rong Chang, Ya-Ping Lin

INTRODUCTION
According to the meridian theory, the meridians in the 
body connections are sealed. Qi and blood flow recurrently, 
the meridians connect with each other directly or indirectly. 
Therefore, it is the underlying theory of  multi-meridians 
controlling a same viscus (MMCSV)[1]. Previous studies are 
focused on one meridian controlling one viscus[2-4], while 
MMCSV is seldom referred to. In general, NO, NOS, 
PGE2 and EGF are regarded as protective factors involved 
in repairing gastric mucosal injury. Based on our previous 
research on MMCSV[5,6], in this study, we focused on the 
Foot Yangming Meridian (FYM) controlling the stomach. 
The Foot Shaoyang Meridian (FSY), Foot Jueyin Meridian 
(FJY), Foot Taiyin Meridian (FTY), as well as Foot Taiyang 
Meridian (FTYM) were selected to explore the regularity 
of  MMCSV and meridian speciality for the Stomach.

MATERIALS AND METHODS
Animals
Fifty-six New Zealand 3-4 mo old pure rabbits, weighing 
1.5-2.5 kg, were supplied by the Experimental Animal 
Center of  Hunan College of  Traditional Chinese Medicine 
(Permission number: 20030316). 

Animal model and groups 
The rabbit gastric ulcer model was established by ethanol 
intragastric instillation[7]. Fifty-six rabbits were divided 
into normal group (NG), model group (MG), model 
plus acupuncture at Foot Yangming Meridian group 
(YMG), model plus acupuncture at Foot Taiyin Meridian 
group (TYG), model plus acupuncture at Foot Shaoyang 
Meridian group (SYG), model plus acupuncture at Foot 

Foot Jueyin Meridian. Foot Taiyang Meridian has no 
correlation with the stomach.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Relationship between Meridian and Viscus; 
Gastric mucosal injury/acupuncture effects; MMCSV
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Jueyin Meridian group (JYG), and model plus acupuncture 
at Foot Taiyang Meridian group (TYMG), with eight 
rabbits in each group. All the animals were fasted for 48 
h before ulcer model-making. Rabbits in NG were given 
normal saline by intragastric instillation (2.35 mL/kg). 
Rabbits in other groups were given ethanol intragastrically 
(2.35 mL/kg). Twenty-four hours later, all animals were 
allowed free access to normal food. Except for rabbits in 
NG and MG groups, the animals received acupuncture 
therapy. 

Acupuncture method
Acupoints were se lec ted based on the (Moder n 
Acupuncturolgy)[8] and anthropomorphic method[6] as 
well as on our previous research results[5,6]. In the FYM, 
Neiting (ST 44), Jiexi (ST 41), Zusanli (ST36), Liangqiu 
(ST 34), Tianshu (ST 25) and Liangmen (ST 21) were 
selected for gastric ulcer therapy. The other acupoints of  
different meridians were almost in the same horizontal 
level to the FYM. In the FSY, Jiaxi (GB 43), Qiuxu (GB 
40), Yanglingquan (GB 34), Xiyangguan (GB 33), Daimai 
(GB 26) and Jingmen (GB 25) were selected. In the FJY, 
the selected acupoints were Xingjian (LR 2), Zhongfeng 
(LR 4), Xiguan (LR 7), Yinbao (LR 9), Zhangmen (LR 13) 
and Qimen (LR 14). In the FTY, Dadu (SP 2), Shangqiu 
(SP 5), Yinlingquan (SP 9), Xuehai (SP 10), Dahen (SP 15) 
and Fu’ai (SP 16) were selected. In the FTYM, Tonggu 
(BL 66), Shenmai (BL 62), Chengjin (BL 56), Fuxi (BL 38), 
Beixiadian and Beishangdian were selected.
   Consecutive acupoint-stimulation in one meridian was 
applied by Xuanshou Meridian Dredging Apparatus (China 
Peace Economy Technology Consultation Company)[6]. 
Parameters for manipulation were as follows: single way 
running, six steps, at 0.5 s intervals; double direction 
narrow impulse and consecutive wave, 50 Hz, 0.5 ms wave 
width. The apparatus output was connected to the needle 
(diameter 0.25 mm, length 25 mm) which was inserted into 
the acupoints. Just mimicking human’s obeying meridian 
to propaganda sense, the excited order was from low leg 
to trunk, and the output strength was controlled within 
2-3 intensity. Acupuncture stimulation was manipulated 
once a day, for seven days, 30 s each time. All the selected 
acupoints were in the left lateral body throughout the 
experiment.

Determination of gastric mucosal injury index (GMII)
After seven days, the animals were killed with their 
stomachs removed and opened along the greater curvature. 
The content in the stomach was washed with running 
water, mucus attached to gastric mucosa was removed by 
the brusher. Then the mucosa was extended in a flat plate. 
GMII was calculated by the Guth method[9] with a general 
magnifier.

Determination of NO, NOS, PGE2 and EGF in gastric 
mucosa
NO and NOS kit were supplied by Nanjing Jincheng 
Bioengineering Institute. EGF radioimmunoassay kit was 

provided by Beijing Huaying Radioimmunoassay Institute. 
[3H]PGE2 radioimmunoassay kit was obtained from 
Beijing Furui Bioengineer Co. Gastric mucosal NO and 
NOS were assayed by the nitric acid reductase method, 
and PGE2 and EGF were measured by radioimmunoassay. 
All assays were carried out according to the manufacturer’s 
instructions. 

Statistical analysis 
All the results were expressed as mean±SD. Comparison 
between groups was made using one-way analysis 
of  variance (ANOVA). Differences were considered 
statistically significant, if  the P value was less than 0.05. 
Software SPSS 10.0 was used in all statistical tests.

RESULTS
Gastric mucosal injury condition and index (Table1)
There were some dots and strips of  injury under the 
magnifier. The highest GMII was observed in MG and 
the lowest GMII in NG. There was a very significant 
difference between them (P<0.01), demonstrating that the 
ulcer model was successful. Compared to MG, GMII in 
YMG and TYG reduced significantly (P<0.05 or P<0.01), 
and the GMII in YMG was better than that in TYG. While 
the GMII in SYG, JYG and TYMG had no significant 
difference compared to that in MG (P>0.05). The GMII in 
YMG had a significant difference compared to that in 
SYG, JYG and TYMG (P<0.01). The GMII in TYG also 
had a significant difference compared to that in TYGM 
(P<0.05).

NO and NOS changes in gastric mucosa (Table 2)
Gastric mucosal NO and NOS in NG were both higher 
than those in MG (P<0.01). The highest NO content  
was found in YMG, than TYG, JYG and TYMG, while 
the lowest NO content was observed in SYG. The NO 
was higher in YMG than in MG, SYG, JYG and TYMG, 
and there was a very significant difference between 
YMG and MG, SYG, JYG, TYMG, respectively (P<0.01). 
However, no significant difference was found between 
YMG and TYG (P>0.05). The highest NOS content was 
observed in YMG, the lowest NOS content was found in  
TYMG. The NOS was higher in YMG and TYG than in 

Table 1 Gastric mucosal injury index comparison (mean±SD)

NG                8                                 8.50±2.98b

MG                8                                 24.88±6.29df

YMG                8                                 10.88±3.23b

SYG                8                                 19.38±3.66d

JYG                8                                 20.38±4.03d

TYG                8                                 14.62±3.20a

TYMG                8                                 24.13±1.64dc

Groups                n                                      GMII

aP <0.05, bP <0.01 vs  MG; dP <0.01 vs  YMG; cP <0.05, fP <0.01 vs  TYG.
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method was used to analyze the differences.
   According to the importance of  gastric mucosal 
protective factors including NO, NOS, PGE2 and EGF, 
the whole weight was set at 10, NO at 2.5, NOS at 1.25,  
EGF at 3.75 and PGE2 at 2.5. The comprehensive effect 
value (CEV) was made in the following process: NO, 
NOS, EGF and PGE2 content were multiplied with their 
own weight respectively, then added. ANOVA was used to 
compare the difference in the acupuncture therapy groups. 
The highest CEV was found in YMG followed by TYG, 
SYG, JYG, TYMG, and MG. The statistics showed that 
there was a very significant difference in CEV between 
YMG and other groups (P<0.01). In addition, CEV was 
also higher in TYG than in SYG, JYG, TYMG, and MG, 
respectively (P < 0.01). 

DISCUSSION
Excessive ethanol ingestion can result in gastritis  characte-
rized by mucosal edema, subepithelial hemorrhages, 
cellular exfoliation and inflammatory cell infiltration[6]. 
Ethanol intragastric instillation breaks the gastric mucosal 
barrier and increases histamine release and pepsinogen 
output, thus leading to the damage in the gastric mucosa 
at least in part via hyperosmolarity[7]. In the present study, 
after ethanol intragastric instillation, the highest GMII 
was found in MG, demonstrating that the model of  
gastric mucosal injury is reliable. It is known that neuronal 
modulating processes such as release of  vasoactive 
mediators are crucial for the gastric mucosa to resist the 
continual onslaught of  aggressive agents[8,9]. Endothelial 
cells also release a highly labile humoral vasodilator 

Table 2 NO and NOS changes in gastric mucosa (mean ± SD)

NG      8      1.48 ± 0.54b                                   2081.4 ± 482.6b

MG                   8                  0.45 ± 0.20d                    762.1 ± 156.3d,f

YMG      8     1.38 ± 0.27b                  1931.5 ± 612.6b

SYG      8     0.45 ± 0.19d                  1327.0 ± 319.4bdc

JYG      8     0.76 ± 0.25d                    987.2 ± 365.1d,f

TYG      8     1.25 ± 0.68                                     1728.2 ± 213.2b

TYMG      8     0.57 ± 0.24d                                      750.9 ± 254.3d,f

Groups      n                NO (μ mot/gprot)                    NOS (u/mgprot) 

aP <0.05, bP <0.01 vs MG; dP <0.01 vs YMG; cP <0.05, fP <0.01 vs TYG.

MG, SYG, JYG and TYMG (P<0.05 or <0.01). The NOS 
was also higher in SYG than in MG, and there was a very 
significant difference between them (P<0.01).

PGE2 and EGF changes in gastric mucosa (Table 3)
Gastric mucosal PGE2 and EGF were both higher in NG 
than in MG (P<0.01). The PGE2 was higher in YMG 
and TYG than that in NG and other acupuncture therapy 
groups (P<0.01). The highest EGF was found in YMG, 
compared to MG and other acupuncture therapy groups, 
and there were very significant differences between YMG 
and other groups respectively (P<0.01), demonstrating 
that acupuncture can raise gastric mucosal PGE2 and 
EGF content in YMG, while acupuncture could only raise 
gastric mucosal PGE2 content in TYG ulcer rabbits.

Summarization of effects of acupuncture at different 
meridian acupoints (Table 4)
To compare the protective effects of  acupuncture at 
different meridian acupoints on the gastric mucosal 
injury, we ranked the intensity of  effects. From the 
summarization in Table 4, we could see the comprehensive 
protection of  acupuncture therapy against gastric mucosal 
injury of  experimental rabbits was the best in YMG, 
followed by TYG, JYG or SYG, and TYMG.

Comprehensive protective effects of acupuncture at 
different meridian acupoints in gastric mucosa (Table 5)
In order to compare the comprehensive effects of  acupuncture 
at different meridian acupoints on gastric mucosa, weight

Table 3 PGE2 and EGF changes in gastric mucosa (mean±SD, ng/L)

NG                 8                     2 624.8 ± 336.2b                         91.3 ± 14.9b

MG   8                      1 629.2 ± 406.7d,f                         73.6 ± 14.8d

YMG   8      2 708.8 ± 526.2b                92.2 ± 6.7b

SYG   8      1 763.8 ± 371.5d,f                74.9 ± 9.0d

JYG   8      1 663.4 ± 258.0d,f                72.7 ± 12.4d

TYG   8      2 383.6 ± 547.5b                68.5 ± 14.1d

TYMG   8      1 748.6 ± 594.9d,f                65.4 ± 12.8d

Groups   n             PGE2             EGF

bP <0.01 vs MG; dP <0.01 vs YMG; fP <0.01 vs TYG.

Table 4 Summarization of effects on items after acupuncture therapy

GMII        YMG         TYG            SYG               JYG                 TYMG

NO      YMG         TYG            JYG              TYMG             SYG

NOS      YMG         TYG            SYG               JYG                 TYMG

EGF      YMG         SYG            JYG              TYG                 TYMG

PGE2      YMG        TYG            SYG              TYMG              JYG

Order sequence
Items

  1      2        3          4              5

Order sequence refers to the effect intensity from strong to weak.

NG                                              8                                         9 542.1±851.4b

MG                                 8                                         5 298.5±963.8d,f

YMG                                 8                                  9 653.5±1 064.7b

SYG                                 8                                  6 344.6±1 013.8d,f,

JYG                                 8                                  5 660.7±919.4d,f

TYG                                 8                                  8 391.1±1 466.1b,d

TYMG                                 8                                  5 550.4±1 501.4d,f

Table 5 Comprehensive protective effects of different meridian acupuncture on 
gastric mucosa (mean±SD)

Groups                                 n                                          WEV

bP <0.01 vs MG;  dP <0.01 vs YMG;  fP <0.01 vs TYG.
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substance, now known as NO that mediates the vascular 
relaxation induced by vagal stimulation[10]. NO could 
protect the gastric mucosa by increasing gastric mucosal 
blood flow[11,12], suggesting that gastroprotection can be 
induced by low level of  central vagal stimulation and the 
consequent release of  NO, and that NO plays a role also 
in ulcer healing by stimulating the formation of  growth 
factors, such as epithelial proliferation and angiogenesis[13]. 
NOS is a limited enzyme for NO synthesis. Studies 
have shown that chronic nitric oxide synthase inhibitor 
L-NAME enhances ulcerogenesis by decreasing mucosal 
resistance due to reduced mucosal blood perfusion[14–16]. 
When the specific iNOS inhibitor L-N6-(1-iminoethyl) 
lysine (L-NIL) is given intravenously to rats, the blood 
flow increase in response to luminal acid is attenuated[17]. 
Therefore, NOS is important for maintaining mucosal 
resistance through increasing the gastric mucosal blood 
flow. PGE2 is also involved in protecting gastric mucosa. 
PGE2 inhibits ethanol-induced apoptosis and increases 
cell viability in a dose-dependent manner in primary 
cultures of  guinea pig gastric mucosal cells. PGE2 also 
inhibits hydrogen peroxide-induced apoptosis[18]. EGF is 
also a key to the protection against mucosal injury. Since 
acute gastric lesions are induced by cold-restraint stress，
the ulcer score is significantly reduced after intraperitoneal 
and intragastric administration of  EGF solution[19]. When 
EGF is added to primary monolayer cultures of  guinea 
pig gastric mucous cells, the cytoprotection induced by 
EGF can be demonstrated. Mucin biosynthesis and PGE2 
release are both significantly increased by EGF[20]. EGF 
promotes gastric mucosal restitution by activating Na+/H+ 
exchange of  epithelial cells[21]. In the present study, the 
comprehensive effects of  different meridian acupuncture 
on gastric mucosal protective factors including NO, NOS, 
PGE2 and EGF, the relationship between meridian and 
viscus were revealed.
    MMCSV is common in the theory of  meridian and 
viscus correlation, manifested in two aspects. On the one 
hand, multiple meridians have different connections with 
the same viscus, and the function of  meridians is complex. 
For example, there are five meridians connecting the 
stomach, namely Hand Taiyin Meridian (HTY), FTY, FJY, 
Hand Taiyang Meridian (HTY), FYM. On the other hand, 
stimulating different meridian acupoints could regulate 
the same viscus physical function, which is the underlying 
theory for treating diseases. For example, moxibustion at 
Neiguan (PC 6) of  Hand Jueyin Meridian, Yangfu (GB 38) 
of  FSY, as well as Shangqiu (SP 5) of  FTY, can be selected 
for stomachache therapy.
   Though MMCSV is common, the meridians do have 
some speciality. It could be explained by the following two 
reasons. One is that since different meridian acupoints 
have a relative speciality, and meridian is composed of  
acupoints, it is no doubt that the meridian has some 
speciality. In addition, the meridian and viscus match 
theory also can explain the meridian’s speciality. Since 
FYM is the responsible meridian to stomach, acupuncture 
at FYM could regulate the stomach physical function and 
improve pathological conditions. According to viscus-

viscus match theory, the stomach is matched with the 
spleen; since the FTY is responsible for the spleen, 
acupuncture at FTY also has good effects on the stomach 
function regulation. Gallbladder’s bile secretion from 
gallbladder could help the stomach to digest, while the 
secretion depends on the liver dredging function. Since 
the FSY is responsible for gallbladder, and FJY for the 
liver, acupuncture at FSY and FJY also has some effects 
on the stomach function regulation. In the present study, 
FYM had the best effect on stomach function regulation, 
followed by FTY, FSY and FJY, while the FTYM had no 
effect.
    MMCSV is the unification for universality and speciality 
of  meridian and viscus theory. In the present study, the 
protective effects of  acupuncture at different meridian 
acupoints on gastric mucosa were various. For example, 
except for acupuncture at FTY, GMII decreased in 
all acupuncture therapy groups, while acupuncture at 
FYM, FTY and FSY, increased the NOS, suggesting that 
MMCSV is common. Acupuncture at FYM achieved the 
best intensity and width of  protective effects on gastric 
mucosa. FJY had almost no effects on NO, NOS, PGE2, 
and EGF. FTYM has no significant effects on NO, NOS, 
PGE2, and EGF. 
    In summary, the FYM is most closely related to the 
stomach, followed by FTY, FSY, FJY, while FTYM has no 
correlation with the stomach. 
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Abstract
AIM: To detect the effects of acid fibroblast growth 
factor (aFGF) on apoptosis and proliferation of intestinal 
epithelial cells in differentiation or proliferation status to 
explore the protective mechanisms of aFGF.

METHODS: Wistar rats were randomly divided into 
sham-operated control group (C, n = 6), intestinal 
ischemia group (I, n = 6), aFGF treatment group (A, 
n = 48) and intestinal ischemia-reperfusion group 
(R, n = 48). Apoptosis of intestinal mucosal cells was 
determined with terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick-end labeling (TUNEL) 
technique. Proliferating cell nuclear antigen (PCNA) 
protein expression and distribution were detected with 
immunohistochemical method. Plasma levels of D-lactate 
were determined with modified Brandts method. 

RESULTS: In A group, administration of exogenous 
aFGF could improve intestinal histological structure and 
decrease plasma D-lactate levels at 2-12 h after the 
reperfusion compared with R group. The apoptotic rates 
and PCNA protein expressions were not increased until 
2 h after reperfusion and were maximal at 12 h. After 
reperfusion for 2-12 h, the apoptotic rates were gradually 
augmented along the length of jejunal crypt-villus units. 
Administration of aFGF could significantly reduce the 
apoptotic response at 2-12 h after reperfusion (P<0.05). 
Apoptosis rates in villus and crypt epithelial cells in 
A group at 12 h after reperfusion were (62.5±5.5)% 
and (73.2±18.6)% of those in R group, respectively. 
Treatment of aFGF could apparently induce protein 
expression of PCNA in intestinal mucosal cells of A group 
compared with R group during 2-12 h after reperfusion 

(P<0.05). There were approximately 1.3- and 1.5-times 
increments of PCNA expression levels in villus and crypt 
cells in A group at 12 h after reperfusion compared with 
R group, respectively. 

CONCLUSION: Intestinal I/R insult could lead to 
histological structure change and apoptotic rate 
increment. The protective effects of aFGF against 
ischemia/reperfusion in rat intestinal mucosa might be 
partially due to its ability to inhibit ischemia/reperfusion-
induced apoptosis and to promote cell proliferation of 
crypt cells and villus epithelial cells.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
An ischemic insult decreases oxygen and nutrient 
delivery and causes post mitotic cell lineages in the brain, 
myocardium, muscle and adrenal cortex to undergo 
apoptosis. Paradoxically, the introduction of  oxygen during 
reperfusion of  ischemic tissues exacerbates the damage of  
these tissues[1-5]. These tissues do not allow evaluation of  
the effects of  proliferative status or state of  differentiation 
on the apoptotic response to this inductive stimulus. The 
intestinal epithelium provides an excellent system for such 
an analysis. Renewal of  intestinal epithelium takes place 
continuously in anatomically distinct crypt-villus units. 
Proliferation is restricted to mucosal invaginations known 
as crypts. All epithelial cells in each crypt are derived from 
an uncertain number of  multipotent stem cells located at 
or near the base of  the crypt[6-8]. These crypt stem cells 
divided to produce daughter stem cells as well as more 
rapidly replicating transit cells, which in turn undergo 
4-6 rapid cell divisions in the proliferative zone located 
in the lower half  of  each crypt[9,10]. The small intestine is 
highly sensitive to ischemia-reperfusion (I/R). It has been 
demonstrated that occlusion of  the superior mesenteric 
artery (SMA) followed by reperfusion can cause apoptosis 
in the intestinal epithelium[11].
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   Acid fibroblast growth factor (aFGF) is a mitogen in 
vitro for most of  the ectodermal- and mesodermal-derived 
cell lines. In addition, this factor shows a wide range of  
endocrine-like activities[12,13]. As a multiple function growth 
factor, aFGF is involved in embryo development and 
tissue repair[14-16]. However, the protective mechanisms of  
aFGF on intestinal I/R injury remain unknown. Given the 
anatomically well-defined stratification of  proliferation and 
differentiation programs along its crypt-villus axis, the self-
renewing intestinal epithelium provides an opportunity 
to consider, whether aFGF protects intestinal mucosa 
from I/R injury through inducing proliferation of  cells 
located in crypt or inhibiting apoptosis of  epithelial cells 
distributed in villus or adopting both these two procedures. 
   In the present article, we have clarified the mechanism 
of  aFGF protection following I/R injury in the small 
intestinal mucosa of  rats by evaluating changes in 
apoptosis of  epithelial cells along gut crypt-villus axis. 
We evaluated the expression of  proliferating cell nuclear 
antigen (PCNA). The expressive level of  this protein is 
frequently used to evaluate the regenerative ability of  
epithelial tissue[17]. We also estimated the integrity of  
small intestinal mucosa by measuring the levels of  plasma 
D-lactate. This study will lead to a better understanding of  
the repair mechanisms of  small intestinal mucosa induced 
by aFGF treatment after I/R injury.

MATERIALS AND METHODS
Animal model and experimental design
Healthy male Wistar rats weighing 220 ± 20 g (Animal 
Centre, Academy of  Military Medical Science, Beijing) 
were used in this study. Animals were housed in wire-
bottomed cages placed in a room illuminated from 08:00 
am to 08:00 pm (12:12 h light-dark cycle) and maintained 
at 21±1 oC. Rats were allowed to access water and chow 
ad libitum. The animals were anesthetized by using 3% 
sodium pentobarbital (40 mg/kg), and a laparotomy was 
performed. The SMA was identified and freed by blunt 
dissection. A micro-bulldog clamp was placed at the root 
of  SMA to cause complete cessation of  blood flow for 
45 min, and thereafter the clamp was loosened to form 
reperfusion injury. The animals were randomly divided into 
sham-operated control group (C, n = 6), intestinal ischemia 
group (I, n = 6), aFGF treatment group (A) and intestinal 
ischemia-reperfusion group (R). According to the different 
periods after reperfusion, groups R and A were further 
divided into 0.25, 0.5, 1, 2, 6, 12, 24 and 48 h subgroups, 
respectively (n = 6, each subgroup). In group I, the 
animals were killed after 45 min of  SMA occlusion, while 
in groups R and A, the rats sustained 45 min of  SMA 
occlusion and were treated with 0.15 mL normal saline and 
0.15 mL saline plus 20 μg/kg aFGF (R&D Systems, Inc.) 
injected from tail vein, respectively, then sustained 0.25, 
0.5, 1, 2, 6, 12, 24 and 48 h of  reperfusion, respectively. In 
C group, SMA was separated, but without occlusion, and 
the samples were taken after exposure of  SMA for 45 min. 
In groups R and A, rats were killed at different time points 
after reperfusion. Blood samples and intestinal tissue 

biopsies were taken. Blood samples were centrifuged and 
serum was frozen to measure plasma levels of  D-lactate. 
Tissue biopsies were fixed with 10% neutral buffered 
formalin for detection of  intestinal epithelial apoptosis, 
and protein expression of  PCNA. 

In situ detection of cell death
The apoptotic cells in intestinal tissues were detected with 
the terminal deoxynucleotidyl transferase (TdT)-mediated 
dUTP-biotin nick-end labeling (TUNEL) method. 
Specimens were dewaxed and immersed in phosphate-
buffered saline containing 0.3% hydrogen peroxide for 
10 min at room temperature and then incubated with
20 μg/mL proteinase K for 15 min. Seventy-f ive 
microliters of  the equilibration buffer was applied directly 
onto the specimens for 10 min at room temperature, 
followed by 55 μL of  TdT enzyme and incubation, which 
were then incubated at 37 ℃ for 1 h. The reaction was 
terminated by transferring the slides to prewarmed stop/
wash buffer for 30 min at 37 ℃. The specimens were 
covered with a few drops of  rabbit serum and incubated 
for 20 min at room temperature and then covered with
55 μL of  anti-digoxigenin peroxidase and incubated for
30 min at room temperature. Specimens were then soaked 
in Tris buffer containing 0.02% diaminobenzidine and 
0.02% hydrogen peroxide for 1 min to achieve color 
development. Finally, the specimens were counterstained 
by immersion in hematoxylin. The cells with clear nuclear 
labeling were defined as TUNEL-positive cells. The results 
of  positive cells and their distribution were observed under 
400 times microscope. Sixty intestinal villi and crypts 
per time point were required for counting, and then the 
apoptotic ratios were calculated and analyzed, respectively.

Immunohistochemistry
Immunostaining for PCNA was performed in paraffin 
sections with a high-temperature antigen-unmasking 
method in citrate buffer and ABC peroxidase, using 
monoclonal mouse antibody (Zymed Corp., ZM-0213) against 
antigen (1∶100 in PBS). Tissues were fixed overnight in 
4% paraformaldehyde, dehydrated, and embedded in 
paraffin. Sections of  5 µm thickness were deparaffinized 
and rehydrated using graded alcohol concentrations. 
Antigen retrieval was performed by incubation in
100 mmol/L sodium citrate, pH 6.0, at 90 ℃ for
20 min. Then, sections were blocked with 5% normal 
swine serum in PBS for 30 min at 25 ℃, followed by 
incubation with primary antibodies at a concentration 
of  5 µg/mL overnight at 4 ℃. Control slides were 
incubated with PBS without primary antibodies. Tissues 
sections were then incubated for 60 min with biotinylated 
secondary antibody. After washing in PBS, the sections 
were exposed to acidin-biotin complex for 60 min. The 
sections were reacted with 0.05% (wt/vol) DAB in 50mol/L
Tris-HCl (pH 7.4) with 0.1% (vol/vol) hydrogen peroxide 
for 5 min and counterstained with hematoxylin. The 
results of  positive staining cells and their distribution were 
observed under 400 times microscope. Sixty intestinal 
villi and crypts per time point were required for counting, 
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and then the ratio of  positive cells were calculated and 
analyzed, respectively.

Measurement of plasma D-lactate
The levels of  plasma D-lactate were measured with 
modified Brandts method[18,19]. Briefly, heparinized blood 
was centrifuged at 3 200 r/min for 10 min and 2 mL of  
the plasma was deproteinized with 0.2 mL perchloric acid 
(1/10 vol), mixed and kept in an ice bath for 10 min. The 
denatured protein solution was centrifuged at 3 200 r/min
for 10 min and the supernatant was removed. To 1.4 mL
of  supernatant, 0.12 mL KON was added and they were 
mixed for 20 s. Precipitant KCLO4 was removed by 
centrifugation at 3 200 r/min for 10 min. The supernatant 
and neutralized-protein-free plasma were used to measure 
the absorbency at 304 nm. Plasma D-lactate concentrations 
were expressed as μg/mL. 

Statistical analysis
All values were expressed as mean ± SD. Differences in 
mean values were compared using SPSS 11.0 by one-way 
ANOVA and Student-Newman-Keul (SNK) test. P  < 0.05 
as considered as statistically significant.

RESULTS
Change of cellular apoptotic rates
After the SMA was clamped near its origin from the 
aorta, the damage to the small intestine in the 45-min 
ischemia group was small. At 2 h after reperfusion, the 
partial loss of  the mucosa could be observed. During
6-12 h after reperfusion, the damage of  intestinal epithelial 
cells, hemorrhage and necrosis could be found, the crypt-
villus structure was seriously spoiled. In the period of
24-48 h after reperfusion, the mucosal integrity was 
partially restored. The protective function of  aFGF on 
intestinal mucosa was the most effective during 2-12 h 
after reperfusion. The structures of  crypt and villus were 
both guarded, with less damage of  the intestinal mucosa 
(Figure 1). Apoptosis was measured and quantified 
by TUNEL assay in serial sections prepared from the 
middle quarter of  the small intestine (jejunum). The 
time animals were killed after a 45 min SMA occlusion 

followed by reperfusion was varied to further define the 
apoptotic response. Statistically significant increases in 
TUNEL-positive cells were not detectable until 2 h after 
reperfusion and were maximal at 12 h. The augmentation 
of  the cellular apoptotic rates was evident along the length 
of  jejunal crypt-villus units after reperfusion for 2-12 h; 
i.e., the average increase was 2.3 times for villi [84.0 ± 6.2
(12 h after reperfusion)  37.3  ±  6.6 (C group P < 0.05)] 
and 1.9 times for crypts [28.2 ± 3.9 (12 h after reperfusion) 
vs 14.4 ± 3.8 (C group P < 0.05; Table 1)]. Highest levels of  
apoptosis were noted in the upper quarter of  the villus. 
In no matter villus and crypt, the apoptotic rates were 
restored to the levels of  C group after reperfusion for 
24 and 48 h. Administration of  aFGF could significantly 
reduce the apoptotic response observed 2-12 h after 
reperfusion (P < 0.05). Apoptosis rates in villus and crypt 
epithelial cells of  A group at 12 h after reperfusion 
were (62.5 ± 5.5)% and (73.2 ± 18.6)% of  those in their 
littermates of  R group, respectively (Table 1, Figure 2).

Expression characteristics of PCNA protein
Quantitative immunohistochemical results for PCNA 
protein were evaluated in Table 2 and Figure 3. PCNA 
was weakly expressed in the sham-operated intestinal 
tissues and ischemic tissues, with positive particles mostly 

Figure 1  The histological structure of intestine in sham-operated control group (A), 6 h after ischemia-reperfusion in R group (B) and 6 h after ischemia-reperfusion in A 
group (C) (100×). Anatomic structures of villi and crypts of intestine in control group were intact. In R group, at 6 h after reperfusion, the crypt-villus structure was seriously 
spoiled, accompanied by inflammatory cells infiltrating into the intestinal wall. In A group, the structures of crypt and villi were both protected, with less damage of the 
intestinal mucosa.

A                                                      B                                                       C

Table 1  Effect of aFGF on the apoptotic rates in intestinal villi and 
crypts after ischemia-reperfusion insult (n = 6, mean±SD, %)

C group       37.3 ± 8.6         37.3 ± 8.6        14.4 ± 3.8         14.4 ± 3.8
I group       40.0 ± 6.9         40.0 ± 6.9        13.7 ± 4.1         13.7 ± 4.1
0.25 h after reperfusion     45.3 ± 5.7         35.2 ± 6.7c       15.0 ± 3.2         11.8 ± 2.6
0.5 h after reperfusion      46.3 ± 8.3         37.8 ± 7.4        16.2 ± 4.7         13.0 ± 3.5
1 h after reperfusion      49.5 ± 5.3         45.3 ± 7.4        19.3 ± 5.6         16.2 ± 3.3
2 h after reperfusion      70.2 ± 6.5a        50.5 ± 5.3ac        23.5 ± 6.2a        17.8 ± 4.1c

6 h after reperfusion      76.8 ± 4.7a        49.2 ± 5.0a,c       27.2 ± 4.8a       19.3 ± 5.0a,c

12 h after reperfusion      84.0 ± 6.2a        52.5 ± 4.6a,c       28.0 ± 3.9a       20.5 ± 5.2a,c

24 h after reperfusion      41.8 ± 5.4         35.2 ± 5.2        14.2 ± 4.3           9.3 ± 3.6
48 h after reperfusion      33.7 ± 4.8         34.3 ± 6.2        13.3 ± 2.9         11.0 ± 4.3

Groups
             Villus                    Crypt

R group   A group     R group       A group

aP<0.05 vs C group;  cP<0.05 vs R group at matched time points.
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distributing in the nuclei of  the lower third of  crypt 
cells. However, the positive cellular rate elevated with the 
increment of  duration after reperfusion injury. In the 
period after reperfusion, marked PCNA immunoreactivities 
were observed in the nuclei of  crypt and villus cell. At 
12 h after reperfusion, the positive cellular rates were 
maximal, the average increase was 2.2 times for villi [19.0±
5.4 vs 8.5 ± 5.0 (P < 0.05)] and 1.7 times for crypts [52.1 ± 5.1 
vs 31.5 ± 5.2 (P < 0.05; Table 2)]. The positive cellular rates 
of  PCNA were restored to the levels of  sham-operated 

tissues at 24 and 48 h after reperfusion. During 2-12 h 
after reperfusion, treatment of  aFGF could apparently 
induce protein expression of  PCNA in intestinal mucosal 
epithelial cells from villi and crypts in comparison with 
R group at different matched times (P < 0.05) (Table 2). 
There are approximately 1.3- and 1.5-time increments of  
PCNA expressive levels in both villus and crypts in rats 
of  A group after reperfusion for 12 h compared with their 
littermates of  R group, respectively. After reperfusion for 
24 and 48 h, the positive signals of  this protein had no 
substantial change in A group in comparison with R group 
(P > 0.05). 

The changes of plasma levels of D-lactate
As shown in Table 3, 45 min of  ischemia followed by 
reperfusion in intestinal mucosa could result in plasma 
D-lactate level elevation. Plasma D-lactate level was 
significantly elevated from 30 min after reperfusion in R 
group, and reach its peak at 12 h, which was 1.5-folds of  
that in sham-operated group ((0.299 ± 0.025) μg/mL vs 
(0.201 ± 0.008) μg/mL, P < 0.05), and then returned to the 
level of  sham-operated group (P > 0.05). Administration 
of  aFGF produced decreases in the plasmas D-lactate level 
compared with R group during 0.25-12 h after reperfusion, 
except for 1 h after reperfusion, leading to statistically 
significant reduction of  D-lactate contents (P < 0.05). 
No significant decreases were observed at 24 and 48 h 
after reperfusion in A group compared with R group

Figure 2 The cellular apoptotic rates in sham-operated control group (A), 6 h after ischemia-reperfusion in R group (B) and 6 h after ischemia-reperfusion in A group (C) (200×). 
Cellular apoptotic rates were less in sham-operated control group and were significantly increased in villi and crypts at 6 h after reperfusion. The augmentation of the cellular 
apoptotic rates was evident along the length of jejunal crypt-villus units. The cellular apoptotic rates both decreased remarkably at 6 h after reperfusion in villi and crypts of A 
group vs those of R group.

A                                                     B                                                       C

A                                                       B                                                       C

Figure 3  The expression of PCNA protein in sham-operated control group (A), 6 h after ischemia-reperfusion in R group (B) and 6 h after ischemia-reperfusion in A group (C) 
(200×). PCNA was weakly expressed in sham-operated control group, with positive particles mostly distributing in the nuclei of the lower third of crypt cells. Protein contents 
of PCNA were significantly increased in villi and crypts at 6 h after reperfusion compared with control group. The contents of PCNA increased remarkably in villi and crypts 
at 6 h after reperfusion in A group vs R group.

Table 2  Effect of aFGF on protein expression of PCNA in intestinal 
villi and crypts after ischemia-reperfusion (n = 6, mean±SD, %)

C group       8.5 ± 5.0         8.5 ± 5.0         31.5 ± 5.2        31.5 ± 5.2
I group       8.8 ± 5.3         8.8 ± 5.3         33.3 ± 4.1        33.3 ± 4.1
0.25 h after reperfusion     10.5 ± 5.1         10.7 ± 4.9       39.7 ± 5.4        36.0 ± 5.6
0.5 h after reperfusion      11.5 ± 3.8         14.7 ± 4.3       41.0 ± 4.7a       43.8 ± 5.2a

1 h after reperfusion      12.3 ± 6.2         11.3 ± 5.4       44.3 ± 4.6a       51.5 ± 6.0a

2 h after reperfusion      16.7 ± 4.5a         23.3 ± 5.1ac     48.2 ± 5.3a       67.8 ± 5.3ac

6 h after reperfusion      18.2 ± 3.5a         25.0 ± 6.4ac     47.3 ± 5.5a       76.0 ± 3.8ac

12 h after reperfusion      19.0 ± 5.4a         25.3 ± 4.5ac     52.1 ± 5.1a       79.8 ± 5.2ac

24 h after reperfusion      8.7 ± 4.7         11.2 ± 2.3       43.7 ± 5.4        44.8 ± 6.2
48 h after reperfusion      6.7 ± 2.9         9.2 ± 4.0         38.5 ± 6.1        42.7 ± 4.9

Groups
             Villus                    Crypt

R group   A group     R group       A group

aP<0.05 vs C group;  cP<0.05 vs R group at matched time points.
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(P > 0.05, Table 3). 

DISCUSSION
The major clinical disorders involving gastrointestinal 
circulation are hemorrhage and ischemia. It is well 
recognized that the small intestine is very sensitive to 
the deleterious effects of  I/R and it has been clearly 
demonstrated that I/R causes mucosal injury within the 
small intestine. Several recent studies have proposed that 
ischemia-reperfusion can induce an apoptotic response in 
the adult rat intestinal epithelium, although they did not 
quantitate this response along the crypt-villus axis[11,20]. In 
the current study, we found that I/R, following occlusion 
of  the SMA, led to statistically significant increment of  
apoptosis in undifferentiated epithelial cells located in the 
proliferative compartment of  the adult rat’s small intestine, 
as well as in differentiated epithelial cells distributed in the 
villus at 2-12 h after reperfusion. The most apoptotic rates 
in the upper portion of  the villus are the region, which 
is farthest from submucosal vessels that supply blood 
to the mesenchymal core of  the villus. The asymmetric 
distribution of  apoptosis may reflect the fact that hypoxia 
and deficient nutrient generated by SMA occlusion 
are greater in epithelial cells located in the upper villus 
compared with crypts. However, it is also possible that 
the signaling pathways that mediate the induction differ 
qualitatively or quantitatively between undifferentiated 
proliferating cells in the crypt and postmitotic differentiated 
cells in the upper villus. The actual mechanism needs to be 
deeply explored. Our studies displayed that administration 
of  exogenous aFGF produced an approximately 1.5-fold 
reduction in the number of  TUNEL positive cells that 
appear following transient SMA occlusion in proliferating 
undifferentiated crypt epithelial lineage as well as their 
postmitotic differentiated villus descendants. These 
results are compatible with the notion that exogenous 
aFGF might protect from intestinal injury caused by I/R 
insult through an identical mechanism in villus and crypt 
epithelial cells. 
   D(-)-lactate is the stereoisomer of  mammalian L(+)-
lactate. Mammalian tissue cannot produce D(-)-lactate 

and can only slowly metabolize it. It is a strict product 
of  bacterial fermentation. Since intestinal I/R injury 
can cause mucosal injury and subsequent bacterial 
proliferation, D(-)-lactate releasing from the gut into the 
host blood circulation, the change of  plasma D(-)-lactate 
level was used as a predictor of  intestinal I/R injury[21,22]. 
In the present study, it was shown that plasma D(-)-lactate 
levels began to increase in rat’s intestinal villus subjected 
to 45 min of  ischemia followed by 30 min of  reperfusion, 
maximal at 12 h after reperfusion. In the aFGF treated 
group, it was significantly decreased during 2-12 h after 
reperfusion compared with normal saline treated group, 
which was corroborated with the data obtained by the 
TUNEL method, indicating that aFGF exerts a positive 
protective effect on the mucosal barrier and decreases the 
intestinal permeability. 
   Our study also found that apoptosis occurred at 2 h 
post-reperfusion followed by a return to baseline values 
by 24 h suggestsing that I/R induction of  intestinal 
apoptosis and mucosal recovery were rapid processes. The
reason for this interesting kinetics of  induction of  
mucosal cell death and restoration was unclear. PCNA 
is a significant cell-cycle regulated nuclear protein for 
DNA-polymerase. PCNA-labeled nuclei identify cells in 
the late G1 and early S phases of  the cell cycle, as well 
as cells undergoing DNA repair[23,24]. Our current study 
demonstrated that the expressing levels of  PCNA at 
2-12 h after reperfusion were significantly higher than 
the levels of  C control in both crypt and villus epithelial 
cells. These findings indicated that the repair process of  
small intestinal mucosa was initiated by I/R and cellular 
regeneration continued for 12 h following reperfusion. At 
the same time, the PCNA protein was mainly located in 
the nuclei of  proliferative cells in crypts. Administration 
of  exogenous aFGF could induce protein expression of  
PCNA in mucosal cells, especially in crypt epithelial cells. 
At 2-12 h after reperfusion, PCNA was strongly expressed 
both in undifferentiated crypt epithelial cells as well as 
differentiated villus cells in comparison with normal 
saline treated group. These results suggest that aFGF 
treatment could inhibit cellular apoptosis of  mucosal cells 
and induced cell proliferation, especially cells in crypt, 
to accelerate regeneration and repair of  small intestinal 
mucosa after ischemia-reperfusion insult. Ischemia of  
the adult human small intestine could result in high 
mortality[25]. Because administration of  exogenous aFGF 
can ameliorate the reperfusion injury that accompanies 
intestinal transplantation or the epithelial wound brought 
about by sepsis, interventions that elevate aFGF levels or 
enhance its activity may be useful for reducing the damage 
produced by ischemia-reperfusion insult.
   In conclusion, the present study provided the primary 
evidence that the protective effects of  aFGF against 
ischemia/reperfusion in rat’s intestinal villus might be 
partially due to its abilities to inhibit ischemia/reperfusion-
induced apoptosis and to promote crypt and villus 
epithelial cell proliferation. The precise mechanism for the 
attenuation of  intestinal ischemia/reperfusion injury and 
acceleration of  mucosal regeneration afforded by aFGF 

Groups   R group  A group

C group                                    0.201 ± 0.008                   0.201 ± 0.008

I group                                  0.212 ± 0.011                   0.212 ± 0.011

0.25 h after reperfusion                 0.247 ± 0.011                   0.225 ± 0.016c

0.5 h after reperfusion                   0.281 ± 0.036a                   0.222 ± 0.020c

1 h after reperfusion                  0.285 ± 0.068a                   0.233 ± 0.022

2 h after reperfusion                  0.283 ± 0.031a                   0.232 ± 0.018ac

6 h after reperfusion                  0.293 ± 0.033a                   0.252 ± 0.014ac

12 h after reperfusion                    0.299 ± 0.025a                   0.250 ± 0.018ac

24 h after reperfusion                    0.228 ± 0.012                   0.223 ± 0.015

48 h after reperfusion                    0.231 ± 0.004                   0.224 ± 0.009

aP<0.05 vs C group;  cP<0.05 vs R group at matched time points.

Table 3  Effect of aFGF on plasma D-lactate levels after intestinal 
ischemia-reperfusion (n = 6, mean±SD, μg/mL)



requires further investigation. 
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Abstract
AIM: To study the role of hepatic sinusoidal capillarization 
and perisinusoidal fibrosis in rats with alcohol-induced 
portal hypertension and to discuss the pathological 
mechan isms of a lcoho l - induced hepat ic por ta l 
hypertension.

METHODS: Fifty SD rats were divided into control 
group (n=20) and model group (n=30). Alcoholic liver 
fibrosis rat model was induced by intragastric infusion 
of a mixture containing alcohol, corn oil and pyrazole 
(1 000:250:3). Fifteen rats in each group were killed 
at wk 16. The diameter and pressure of portal vein 
were measured. Plasma hyaluronic acid (HA), type 
IV collagen (CoIV) and laminin (LN) were determined 
by radio immunoassay. L iver t issue was f ixed in 
formalin (10%) and 6-μm thick sections were routinely 
stained with Mallory and Sirius Red. Liver tissue was 
treated with rabbit polyclonal antibody against LN and 
ColIV. Hepatic non-parenchymal cells were isolated, 
total protein was extracted and separated by SDS-PAGE. 
MMP-2 and TIMP-1 protein expression was estimated by 
Western blotting.

R E S U LT S : T h e d i a m e t e r ( 2 . 2 0 7 ± 0 . 0 9 6 v s 
1.528 ± 0.054 mm, P<0.01) and pressure (11.014±0.395 
vs 8.533±0.274 mmHg, P<0.01) of portal vein were 
significantly higher in model group than those in 
the control group. Plasma HA (129.97±16.10 vs 
73.09±2.38 ng/mL, P<0.01), ColIV (210.49±4.36 vs 
89.65±4.42 ng/mL, P<0.01) and LN (105.00±7.29 vs 
55.70±4.32 ng/mL, P<0.01) were upregulated in model 
group. Abundant collagen deposited around the central 
vein of lobules, hepatic sinusoids and hepatocytes in 
model group. ColI and ColIII increased remarkably 
and perisinusoids were almost surrounded by ColIII. 

Pathological mechanisms of alcohol-induced hepatic portal 
hypertension in early stage fibrosis rat model       

Jian Li, Jian-Zhao Niu, Ji-Feng Wang, Yu Li, Xiao-Hua Tao

Immunohistochemical staining showed that ColIV protein 
level (0.130±0.007 vs 0.032±0.004, P<0.01) and LN 
protein level (0.152±0.005 vs 0.029±0.005, P<0.01) 
were up-regulated remarkably in model group. MMP-2 
protein expression (2.306±1.089 vs 0.612±0.081, 
P<0.01) and TIMP-1 protein expression (3.015±1.364 
vs 0.446±0.009, P<0.01) in freshly isolated hepatic non-
parenchymal cells were up-regulated in model group and 
TIMP-1 protein expression was evidently higher than 
MMP-2 protein expression (2.669±0.170 vs 1.695±0.008, 
P<0.05).

CONCLUSION: Hepatic sinusoidal capillarization and 
peri-sinusoidal fibrosis are responsible for alcohol-
induced portal hypertension in rats. 

© 2005 The WJG  Press and  Elsevier  Inc.  All rights  reserved.
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INTRODUCTION
In China, the number of  patients with alcoholic liver 
fibrosis is increasing. It has been reported that about 20% 
of  people with 10-20 years of  alcohol drinking might 
develop alcoholic liver fibrosis[1]. Portal hypertension 
is a major complication of  liver fibrosis and cirrhosis, 
which can lead to variceal bleeding, fluid retention and 
reduced renal blood flow, etc. being a major cause of  
death in patients with liver fibrosis. The pathological 
mechanisms of  portal hypertension remain unclear. 
Recently, it has been found that pathological changes 
of  hepatic microvasculature play a major role in the 
formation of  portal hypertension[2]. Wang et al[3]. pointed 
out that alcohol might cause microvasculature obstruction 
and capillarization of  hepatic sinusoids. Capillarization 
of  the sinusoids is an early event in liver fibrogenesis, 
which is gradually formed by deposition of  type IV 
collagen and LN in the perisinusoidal space and finally 
forms a complete and thick basement membrane[4]. When 
liver fibrosis occurs, it affects normal material exchange 
between blood and hepatocytes while the blood flow 
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resistance and portal hypertension ensue. Studies on 
the relation between alcoholic liver injury and portal 
hypertension are rarely available and the pathological 
mechanisms are still controversial. One of  the popular 
hypotheses is that hepatic non-parenchymal cells might 
synthesize basement membrane proteins and take part in 
the formation of  extra-cellular matrix (ECM)[5].
    In order to understand the pathological mechanisms 
of  alcohol-induced portal hypertension, we explored the 
possible changing rule by which ECM of  perisinusoid 
basement membrane (types І, III and IV collagen and LN) 
abides. Moreover, the synthesis of  MMP-2 and TIMP-1 
protein in freshly isolated hepatic non-parenchymal cells 
and their correlation with portal hypertension were also 
investigated. Hopefully, this may provide new insights for 
the prevention of  alcoholic liver fibrosis.

MATERIALS AND METHODS
Materials
Male SD rats weighing 160±10 g, were purchased from 
Vital River Experimental Animal Company (eligible 
certificate number: SCXK2002-2003). Pyrazole was 
purchased from Aldrich Chemical Company. Alcohol 
was purchased from Beij ing Red Star Alcohol Ltd 
(concentration: 52%). Conventional corn oil was from the 
supermarket. Rabbit immunoglobulins directed against 
mouse ColIV, LN, MMP-2, and TIMP-1 were from Santa 
Cruz (USA). Secondary antibody (PV-6001) and DAB kit 
were purchased from Beijing Zhongshan Company. Unless 
specifically indicated, all other reagents were purchased 
from Beijing Chemical Agent Company.

Modeling alcoholic liver fibrosis 
Fifty rats were divided into control group (n = 20) and 
model group (n = 30). Alcoholic liver fibrosis model was 
induced by intra-gastric infusion of  a mixture containing 
alcohol, corn oil and pyrazole (1 000:250:3) as previously 
described[6,7]. The control rats received intra-gastric 
infusion of  saline solution and had normal diet. Fifteen 
animals in each group were killed at wk 16.

Measurement of portal vein diameter and pressure 
Rats were anesthetized with sodium pentobarbital 
(40 mg/kg, ip) and the abdomen was opened to expose 
the portal vein. Portal vein diameter and pressure were 
measured. The numerical value was recorded as previously 
described8]. 

Radioimmunoassay of HA, ColIV and LN 
Blood samples were obtained by abdominal aortic artery 
puncture for radioimmunoassay of  HA, ColIV and 
LN using a standardized and optimized commercial 
radioimmunoassay kit.

Liver tissue collagen staining
Liver tissue was fixed in buffered formalin (10%) and 
embedded in paraffin. Sections (6-μm thick) were routinely 
stained with Mallory and Sirius Red, then observed under 

ordinary optical and polarization microscope.

Liver tissue immunohistochemical staining
Liver tissue sections were treated with 1% hydrogen 
peroxide, 0.1% proteinase K and 1% Triton X-100. 
The sections were reacted with 1:150 diluted rabbit 
polyclonal antibody against LN and ColIV overnight at 
4 ˚C, then with PV-6001 kits for 2 h at room temperature 
(SP method).

Isolation of hepatic nonparenchymal cells
Hepatic non-parenchymal cells were isolated from male 
SD rats with proteinase E and collagenase digestion as 
described previously[9]. Following perfusion, hepatocytes 
were removed by low-speed centrifugation. Hepatic non-
parenchymal cells were separated by density centrifugation 
in a Nycodenz (33%) gradient. Hepatic sinusoidal cells, 
Kupffer cells and hepatic stellate cells were harvested.

Western blotting 
Hepatic non-parenchymal cells were treated with RIPA 
(50 mmol/L TrisHCl, 150mmol/L NaCl, 0.025% NaN3, 
0.1% SDS, 100 μg/mL PMSF, 1 mmol/L NaF, 1% NP-40, 
2 mmol/L Na3VO4, 50mmol/L Hepes, 1% Triton X-100) 
to extract total protein. Total protein was detected with the 
BCA protein assay method. Total protein(12μg) was loaded 
into each lane. Cell extracts were separated by SDS-PAGE 
using a 12% gel and transferred onto a PVDF membrane. 
The membranes were blocked for 1 h at room temperature 
in 10 g/L BSA and incubated overnight at 4˚C with 
surviving antibody(MMP-2 and TIMP-1), then with sheep 
anti-rabbit second antibody conjugated to horseradish 
peroxidase for 2 h. Finally the membranes were developed 
with DAB and incubated until color developed sufficiently. 
An equal amount of  proteins was loaded onto the stocking 
gel, β-actin expression was simultaneously estimated in 
each sample as the internal marker by Western blotting 
using anti-actin monoclonal antibody.   

Image analysis of immunohistochemical staining and 
Western blot results
Immunohistochemical staining results were analyzed by 
“5-point sampling” method using the Motic patho-image 
analysis system on 7 sections for each group. Under the 
same magnification (10×20), we collected 35 samples 
from each group, then measured the average facio-density 
(average facio-density = whole area of  positive reaction 
grains/whole area of  visual field). Western blotting 
results were analyzed by the Motic gel analysis system. 
We compared the gray scale value of  target protein and 
internal marker to gain the relative optical density value.

Statistical analysis
SPSS version 10.0 was used. Data were analyzed using 
test and one-way ANOVA. All values were expressed as 
mean±SE. P<0.05 or <0.01 was considered statistically 
significant.
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Table 1 Comparison of portal vein diameter and pressure in control 
and model groups (mean±SE)

Group  n            Portal vein diameter (mm)            Portal vein pressure (mmHg)

Control 10 1.528 ± 0.054                                  8.533 ± 0.274 b

Model 10 2.207 ± 0.096                11.014 ± 0.395b

bP<0.01 vs control.

RESULTS
Changes of portal vein diameter and pressure
All data of  portal vein diameter and pressure were 
collected and analyzed by a computer. The results are 
shown in Table 1. Portal vein diameter and pressure were 
significantly higher in model group than in control group 
(bP<0.01)

Figure1 Levels of plasma HA, ColIV and LN in model and control groups bP<0.01 vs 
control.

Immunohistochemical staining
The immune reaction for ColIV in normal liver was 
detected only at the level of  portal tract and around the 
major central vein of  lobules (Figure 2E). In alcoholic liver 
fibrosis tissue,  positive ColIV was detected at the level 
of  portal tract and in the central vein of  lobules or in the 
Disse space between the sinusoid cells and hepatocytes 
(Figure 2F). Image analysis showed that the average facio-
density of  positive granules in ColIV of  alcoholic liver 
fibrosis tissue was upregulated remarkably compared to the 
normal liver tissue (0.130±0.007 vs 0.032±0.004, P<0.01, 
Figure 3).

Plasma HA, ColIV and LN assay
Plasma HA, ColIV and LN levels were detectable 
b y r a d i o i m m u n o a s s a y.  T h e l e v e l s o f  p l a s m a 
H A ( 129.97±16.10  v s 7 3 . 0 9 ± 2 . 3 8 n g / m L ) , 
ColIV(210.49±4.36 vs 89.65±4.42 ng/mL) and LN(105.00
±7.29 vs 55.70±4.32 ng/mL) were all up-regulated in model 
group compared to control group(P<0.01, Figure 1).

Figure 3  Density of ColIV and LN in positive granule area bP<0.01 vs control in 
model and co.

    In normal liver tissue, a few LN positive cells were 
detected (Figure 2G). However, the LN positivity 
increased significantly in alcoholic liver fibrosis tissue. The 
LN positive granules deposited not only in the cytoplasm 
but also in the perisinusoidal area (Figure 2H). Image 
analysis showed that the average facio-density of  positive 
granules in LN was upregulated remarkably compared to 
the normal liver tissue (0.1518±0.0058 vs 0.0299±0.0058, 
P<0.01, Figure 3).   

Figure 4 Comparison of MMP-2 and TIMP-1 protein expression in hepatic non-
parenchymal cells between model and control groupsbP<0.01, model group vs 
control group; cP<0.05, TIMP-1 vs MMP-2.

Results of Mallory and Sirius Red staining
More collagen was stained with Mallory in model group 
than in control group. Optical microscopy showed that 
there was only a little collagen around the central vein 
of  lobules in control rats (Figure 2A). On the contrary, 
abundant collagen deposited around the central vein 
of  lobules, hepatic sinusoids and hepatocytes in model 
group, which interweaved to form a net-shape pattern 
and connected with each other (Figure 2B). Polarization 
microscopy showed that ColIV was red or yellow while 
ColIV was green, suggesting that there was a small quantity 
of  ColIV around the central vein of  lobules in control rats 
(Figure 2C). But in model rats, ColIV  and ColIV increased 
remarkably and perisinusoids were almost surrounded by 
increased ColIV (Figure 2D).
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Figure 2 Mallory, Sirius Red and immunohistochemical staining of liver tissue. A: Mallory staining of normal rat liver tissue, ×200 B: Mallory staining of rat alcoholic fibrosis 
liver tissue, ×400 C: Sirius Red staining of normal rat liver tissue and polarization microscopy, ×200 D: Sirius Red staining of rat alcoholic fibrosis liver tissue and polarization 
microscopy, ×200 E: Immunohistochemical staining of the first antibody of ColIV of normal rat liver tissue, ×200 F: Immunohistochemical staining of the first antibody of 
ColIV rat alcoholic liver fibrosis tissue, ×200 G: Immunohistochemistry staining of the first antibody of LN in normal rat liver tissue, ×200 H: Immunohistochemical staining 
of the first antibody of LN in rat alcoholic liver fibrosis tissue, ×200.
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TIMP-1 proteins were significantly up-regulated in rat 
fibrosis liver tissue compared to control group (2.306±1.089 
vs 0.612±0.081 and 3.015±1.364 vs 0.446±0.009, P<0.01).
Image analysis of  rat fibrosis liver tissue showed that 
protein expression was higher in TIMP-1 than in MMP-2 
(2.669±0.170 vs 1.695±0.008, P<0.05, Figure 4). 

DISCUSSION
In this study, portal vein pressure increased significantly 
in the early stage of  alcoholic l iver fibrosis. ColI, 
ColIII, ColIV and LN levels were increased in the ECM 
of  basement membrane. Furthermore, TIMP-1 protein 
level was increased in hepatic non-parenchymal cells 
isolated from alcoholic liver fibrotic tissue, suggesting 
that the major pathological changes are capillarization of  
hepatic sinusoids and perisinusoidal fibrosis in early stage 
of  alcoholic liver fibrosis. 
    Some studies demonstrated that kupffer cells, hepatic 
stellate cells (HSC) and sinusoidal endothelial cells (SEC) 
play a key role in the synthesis or decomposition of  extra 
cellular matrix (ECM)[10,11]. Others believe that the levels of  
serum hyaluronate are strongly related to SEC injury and 
hepatic microcirculation disorders[12]. Serum hyaluronate 
is a better index of  morphological and functional changes 
in SECs. Our results showed that the level of  rat serum 
hyaluronate increased remarkably in the early stage of  
alcoholic liver fibrosis, indicating that SECs are severely 
injured. When SECs get injured, a large number of  
inflammatory leucocytes move to the injured sinusoids 
and trigger the self-recovery process. Therefore, the 
ECM of  basement membrane increases and enwraps the 
injured sinusoids in order to defend against inflammatory 
leucocytes. After repeated injury, over-recovery emerges 
and the ECM of  basement membrane including type I, III, 
IV collagen and LN is over-deposited in perisinusoid[13,14]. 
Deposition of  type I, III, IV collagen and LN reduces 
hepatic sinusoidal penetration and causes sinusoidal 
capillarization[15].
    Hepatic sinusoids are special capillaries that are 
limited by fenestrated endothelial cells without a genuine 
basement membrane and surrounded by perisinusoidal 
cells storing vitamin A and Kupffer cells as well as pit cells, 
resident macrophages and large granular lymphocytes[16]. 
Hepatic sinusoidal capillarization includes a series of  
pathological changes, in which SECs lose fenestrae, 
basement membrane develops and sinusoidal outlets 
collapse[17]. All these pathological changes disable the 
normal sinusoid intrinsic functions[18]. Capillarization of  
the sinusoid may cause a disturbance in the exchange of  
many bioactive substances between the sinusoidal blood 
and hepatocytes across the Disse space, contributing to 
the pathogenesis of  alcoholic liver fibrosis. On the other 
hand, with the occurrence of  sinusoidal capillarization, 
the sinusoidal space is significantly narrowed and the 
sinusoidal endothelial fenestrations are decreased in size 
and number or disappear in the end. All these pathological 
changes increase resistance of  the hepatic vascular bed and    
pressure of  hepatic portal vein.

    Additionally, the breakdown of  ECM is essential for 
tissue remodeling. The matrix metalloproteinases (MMPs), 
also called matrixins, are thought to play a central role in 
these processes[19]. The activities of  MMPs are precisely 
controlled during the activation from their precursors 
and inhibited by tissue inhibitors of  metalloproteinases 
(TIMPs)[20]. MMP-2 is secreted from Kupffer cells and 
HSCs as they become activated. Also, the activation of  
MMP-2 is in turn inhibited by TIMP-1. Generally, TIMP-1 
and MMP-2 affect biological functions by non-covalent 
bond [20]. At the early stage of  alcoholic liver fibrosis, with 
the activation of  Kupffer cells and HSCs, the level of  
MMP-2 expression increases. MMP-2 can decompose type 
I, III, IV collagen and assist Kupffer cells, HSCs and SECs 
to activate and transfer. Emmanouil et al[21]. showed that 
increased MMP-2 could decompose the basal membrane 
of  neighboring SECs. The signal of  injured SECs 
triggers the mechanisms of  TIMP synthesis to balance 
the levels of  MMPs. However, while repeated injury 
occurs, the synthesis of  ECM becomes stronger than 
decomposition[22,23]. We examined the expression of  MMP-2 
and TIMP-1 protein in freshly isolated hepatic non-
parenchymal cells of  normal and fibrotic rats by Western 
blotting. The results showed that the levels of  MMP-2 
and TIMP-1 protein expression were upregulated in the 
early stage of  alcoholic liver fibrosis, the level of  TIMP-1 
was significantly higher than that of  MMP-2, suggesting 
that the synthesis of  basal membrane collagen is stronger 
than decomposition and more and more ECMs of  the 
basement membrane are synthesized due to the inhibition 
deposit around SECs and hepatocytes of  MMPS[24]. This in 
turn induces perisinusoidal fibrosis and causes aggravating 
portal hypertension[25,26]. The therapy of  alcohol-induced 
liver disease varies according to the severity of  histological 
liver damage and clinically overt portal hypertension and 
hepatic dysfunction[27,28]. Only a few studies have been 
conducted on alcohol-induced portal hypertension in 
the past decades[29,30]. Our experimental results showed 
that hepatic portal hypertension occurred earlier than 
alcohol-induced cirrhosis, suggesting that hepatic portal 
hypertension plays a potential role in cirrhosis.
    In conclusion, hepatic sinusoidal capillarization and 
perisinusoidal fibrosis are the vital causes for alcohol-
induced portal hypertension in rats. A thorough evaluation 
of  hepatic microcirculation and anti-capillarization may 
provide the basis for new therapeutic avenues.

REFERENCES
1 Lu XL, Luo JY, Tao M, Gen Y, Zhao P, Zhao HL, Zhang XD, 

Dong N. Risk factors for alcoholic liver disease in China. World 
J Gastroenterol 2004; 10: 2423-2426

2 Wang Xb, Liu P, Tang ZP, Lu X, Liu CH, Hu YY, Xu LM, Gu 
H-T, Liu CH. Study on the mechanisms of development of 
hepatic sinusoidal capillarization. Zhonghua Xiaohua Zazhi 2004; 
24: 289-292 

3 Wang BY, Fu BY, Zhang J, Ju XH, Cao YX. The influence of 
alcohol on the liver sinusoids endothelial cell fenestrae of rats 
Zhonghua Gan Zang Bing Za Zhi 2004; 12: 479-481 

4 Xu GF, Wang XY, Ge GL, Li PT, Jia X, Tian DL, Jiang LD, 



6488      ISSN 1007-9327     CN 14-1219/R    World J Gastroenterol     November 7,  2005      Volume 11     Number 41

Science Editor Wang XL and Guo SY  Language Editor Elsevier HK

Yang JX. Dynamic changes of capillarization and peri-sinusoid 
fibrosis in alcoholic liver diseases. World J Gastroenterol 2004; 10: 
238-243 

5 Neubauer K, Kruger M, Quondamatteo F, Knittel T, Saile B, 
Ramadori G. Transforming growth factor-beta1 stimulates the 
synthesis of basement membrane proteins laminin, collagen 
type IV and entactin in rat liver sinusoidal endothelial cells. J 
Hepatol 1999; 31: 692-702

6 Lin H, Lu M, Zhang YX, Wang BY, Fu BY. Induction of a rat 
model of alcoholic liver diseases. Shijie Huaren Xiaohua Zazhi 
2001; 9: 24-28 

7 Ding X, Meng YC, Ben CE, Tian DL. Induction of alcoholic liver 
fibrosis animal model. Zhongguo Zhongyi Jichu Yixue Zazhi 1999; 
5: 47-48

8 Scorticati C, Prestifilippo JP, Eizayaga FX, Castro JL, Romay 
S, Fernández MA, Lemberg A, Perazzo JC. Hyperammonemia, 
brain edema and blood-brain barrier alterations in prehepatic 
portal hypertensive rats and paracetamol intoxication. World J 
Gastroenterol 2004; 10: 1321-1324

9 Zhang X, Yu WP, Gao L, Wei KB, Ju JL, Xu JZ. Effects of 
lipopolysaccharides stimulated Kupffer cells on activation of 
rat hepatic stellate cells. World J Gastroenterol 2004; 10: 610-613

10 Zimmermann A, Zhao D, Reichen J. Myofibroblasts in the 
cirrhotic rat liver reflect hepatic remodeling and correlate 
with fibrosis and sinusoidal capillarization. J Hepatol 1999; 30: 
646-652

11 Kimura H, Mochida S, Inao M, Matsui A, Fujiwara K. 
Angiopoietin/tie receptors system may play a role during 
reconstruction and capillarization of the hepatic sinusoids after 
partial hepatectomy and liver necrosis in rats. Hepatol Res 2004; 
29: 51-59

12 Hao JH, Shi J, Ren WH, Han GQ, Zhang JR, Wang WZ, Wang 
SY, Wang YH.  The relationship between serum hyaluronate 
level and hepatic microcirculation status. Linchuang Ganbing 
Zazhi 2002; 18: 35-37

13 X u G F , T i a n D L . P r o g r e s s i v e o f h e p a t i c s i n u s o i d a l 
capillarization. Zhongguo Zhongxiyi Jiehe Zazhi 2002; 10: 314-316

14 Jia YT, Zeng MD. Progressive on hepat ic s inusoidal 
capillarization. Guowai Yixue: Xiaohuadao Jibing 2000; 20: 
86-90

15 Reichen J. The role of the sinusoidal endothelium in liver 
function. News Physiol Sci 1999; 14: 117-121

16 Paolo Onori, Sergio Morini, Antonio Franchitto, Robert Sferra, 
Domenico Alvaro, Eugenio Gaudio. Hepatic microvascular 
features in exper imenta l c i r rhos is : a s t ructura l and 
morphometrical study in CCl4-treated rats. J Hepatol 2000; 33: 
555-563

17 Xiao W, Wang Y, Liu X. The coordinated expression of laminin 
and its integrin receptor in hepatic sinusoidal capillarization. 
Zhonghua Neike Zazhi 2001; 40: 618-620

18 Nakashima O, Kurogi M, Yamaguchi R, Miyaaki H, Fujimoto M, 
Yano H, Kumabe T, Hayabuchi N, Hisatomi J, Sata M, Kojiro 
M. Unique hypervascular nodules in alcoholic liver cirrhosis: 

identical to focal nodular hyperplasia-like nodules? J  Hepatol 
2004; 41: 992-998

19 Arthur MJ. Fibrogenesis II. Metalloproteinases and their 
inhibitors in liver fibrosis. Am J Physiol Gastrointest Liver Physiol 
2000; 279: G245-G249 

20 Nagase H, Woessner JF. Matrix metalloproteinases. J Biol Chem 
1999; 274: 21491-21494

21 Karagiannis ED, Popel AS. A theoretical model of type 
I collagen proteolysis by matrix metalloproteinase 2 and 
membrane type 1 MMP in the presence of tissue inhibitor of 
metalloproteinase 2. J Biol Chem 2004; 279: 39105-39114

22 Vaillant B, Chiaramonte MG, Cheever AW, Soloway PD, Wynn 
TA. Regulation of hepatic fibrosis and extracellular matrix 
genes by the th response: new insight into the role of tissue 
inhibitors of matrix metalloproteinases. J Immunol 2001; 167: 
7017-7026

23 Murphy FR, Issa R, Zhou X, Ratnarajah S, Nagase H, Arthur 
MJ, Benyon C, Iredale JP. Inhibition of apoptosis of activated 
hepatic stellate cells by tissue inhibitor of metalloproteinase-1 
is mediated via effects on matrix metalloproteinase inhibition: 
implications for reversibility of liver fibrosis. J Biol Chem 2002; 
277: 11069-11076

24 Li J, Niu JZ, Zeng Y, Yang MJ, Tao XH, Wang JF. Effects of 
FFBJRGP on collagen deposition in hepatic Disse space in 
alcohol induced liver fibrosis in rat. Jiefangjun Yixue Zazhi 2004; 
29: 567-570

25 Lu X, Liu P, Xu GF, Liu CH, Li FH, Liu C. The role of hepatic 
sinusoid capillarization during the formation of portal 
hypertension in fibrotic rats induced by dimethylnitrosamine 
Zhonghua Gan Zang Bing Za Zhi 2003; 11: 595-598

26 Zhang RP, Zhang WH, Xue DB, Wei YW. Morphology of portal 
hypertension at the early stage of liver damage induced by 
CCl4: an experimental study with dogs Zhonghua Yi Xue Za Zhi 
2004; 84: 1118-1121

27 Xu B, Broome U, Uzunel M, Nava S, Ge X, Kumagai-Braesch 
M, Hultenby K, Christensson B, Ericzon BG, Holgersson J, 
Sumitran-Holgersson S. Capillarization of hepatic sinusoid by 
liver endothelial cell-reactive autoantibodies in patients with 
cirrhosis and chronic hepatitis. Am J Pathol 2003; 163: 1275-1289 

28 Patch D, Armonis A, Sabin C, Christopoulou K, Greenslade L, 
McCormick A, Dick R, Burroughs AK. Single portal pressure 
measurement predicts survival in cirrhotic patients with recent 
bleeding. Gut 1999; 44: 264-269

29 Mookerjee RP, Sen S, Davies NA, Hodges SJ, Williams R, 
Jalan R. Tumor necrosis factorα is an important mediator of 
portal and systemic haemodynamic derangements in alcoholic 
hepatitis. Gut 2003; 52: 1182-1187

30 Diehl AM. Liver disease in alcohol abusers: clinical perspective. 
Alcohol 2002; 27: 7-11



• BASIC RESEARCH •

Effects of angiotensin II receptor antagonist, Losartan on the

apoptosis, proliferation and migration of the human pancreatic
stellate cells

Wen-Bin Liu, Xing-Peng Wang, Kai Wu, Ru-Ling Zhang

EL SEVIER

PO Box 2345, Beijing 100023, China                                                                                                                                                          World J Gastroenterol  2005;11(41):6489-6494

www.wjgnet.com                                                                                                                                              World Journal of Gastroenterology  ISSN 1007-9327

wjg@wjgnet.com                                                                                                                                                                                       © 2005 The WJG Press and Elsevier Inc. All rights reserved.

Wen-Bin Liu, Xing-Peng Wang, Kai Wu, Ru-Ling Zhang,
Shanghai No. 1 People’s Hospital, Shanghai Jiaotong University,
Shanghai 200080, China
Supported by Shanghai Sanitary Bureau Foundation, No. 40306
Correspondence to: Xing-Peng Wang, Shanghai No. 1 People’s
Hospital, Shanghai Jiaotong University, Shanghai 200080,
China.  wangxp1965@yahoo.com.cn
Telephone: +86-21-63240090-4706    Fax: +86-21-63240825
Received: 2004-12-30    Accepted: 2005-02-18

Abstract

AIM: To investigate the effects of AT1 (Type 1 angiotensin
II receptor) antagonist (Losartan) on the apoptosis,
proliferation and migration of the human pancreatic
stellate cells (hPSCs).

METHODS: hPSCs were isolated from pancreatic
sample of patients with pancreatic carcinoma using
radioimmunoassay (RIA) technique to detect the
concentration of AngII in culture media and cell
homogenate. Immunocytochemistry (ICC) and in situ
hybridization (ISH) methods were utilized to test AT1

expression in hPSCs. Effects of Losartan on hPSCs
proliferation, apoptosis and migration were investigated
using BrdU incorporation, TUNEL, flow cytometry (FCM),
and phase-contrast microscope separately when cells
treated with Losartan. Immunofluorescence and Western
blot were applied to quantify the expression of type I
collagen in hPSCs.

RESULTS: There exists AT1 expression in hPSCs, while
no AngII was detected in culture media and cell
homogenate. Losartan induces cell apoptosis in a dose-
and time-dependent manner (apparently at 10-5 mol/L),
no pro-proliferative effect was observed in the same
condition. Corresponding dosage of Losartan can also
alleviate the motion capability and type I collagen content
of hPSCs compared with AngII treatment and non-treatment
control groups.

CONCLUSION: These findings suggest that paracrine not
autocrine functions of AngII may have effects on hPSCs,
which was mediated by AT1 expressed on cells, while
Losartan may exert anti-fibrotic effects by inhibiting hPSCs
motion and partly by inducing apoptosis.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fibrosis is a dynamic process in which both altered matrix
degradation and abnormal extracellular matrix (ECM)
protein synthesis play key roles[1,2]. Chronic pancreatitis is
accompanied by progressive fibrosis that is characterized
by the loss of functional tissue and its replacement by ECM,
while the molecular mechanisms of pancreatic fibrogenesis
remain to be elucidated.

In 1998, star-shaped cells in the pancreas, namely PSCs,
were identified and characterized[3,4]. These cells like their
counterparts, hepatic stellate cells (HSCs) and pancreatic
stellate cells (PSCs) are responsible for the development of
pancreatic fibrosis. Meanwhile, many of the morphological
and metabolic changes associated with the activation of
PSCs in animal models of fibrosis also occur when these
cells are grown in culture on plastics. Therefore, a culture
of primary PSCs on plastics has been accepted as a model
that mimics the in vivo process of PSC activation following
pancreatic injury[5].

Numerous studies have emphasized the important role
of the local Renin-angiotensin system (RAS) in the
fibrogenesis that occurs in the setting of chronic kidney or
cardiac diseases and the antifibrogenic effect of therapies
with AT1 blockers or angiotensin-converting enzyme (ACE)
inhibitors in this condition. Recent study has shown that
AngII may induce apoptosis in some type of  cells triggered
by the interaction with AT1

[6]. Also, AngII can promote cell
migration even though the mechanism is still unclear. A
local RAS has been described in the pancreas[7-9]. Though
apoptosis, migration and proliferation of human pancreatic
stellate cells (hPSCs) might affect the pancreatic fibrotic
process, it has reason to hypothesize that AngII and AT1

may participate in this process by different mechanisms.
The present study attempts to investigate the effects of

Losartan, an antagonist of AT1 on hPSCs, providing
laboratory data for interfering pancreatic fibrosis.

MATERIALS AND METHODS
Cell isolation and culture
hPSCs were isolated from pancreatic sample of patients
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with pancreatic carcinoma (kindly gifted by Prof. Bachem
MG)[4], culturing in a 95% air and 50 mL/L CO2 incubator
at 37 ℃ with DMEM containing 10% FCS supplemented
with 100 U/mL penicillin,100 µg/mL streptomycin and
2 mmol/L L-glutamine.

AngII level in culture media and cell homogenate
Cell homogenate and culture media were taken and kept at
-30 ℃ for assays. The levels of  AngII were determined by
radioimmunoassay (RIA) method following the company
directions (Northern Biot Co, China).

ICC Staining of AT1

For analysis of  AT1 expression, cells were fixed with acetone
for 5 min, exposed to a rabbit anti-human AT1 antibody
(4 ℃ overnight, 1:200 in PBS, Boster, Wuhan, China),
washing and incubating with an anti-rabbit secondary
antibody (37 ℃, 2 h, 1:200 in PBS, Dako, USA) and with
the substrate solution (DAB in H2O2 in Tris buffer pH 7.4)
for 15 min after repeating the above-mentioned steps.
Pictures were visualized and taken with microscope
(Olympus, Japan) and camera (Japan). For control staining,
PBS was used instead of the primary antibody.

ISH for AT1

In situ hybridization (ISH) kit (Boster, Wuhan, China) was
used to detect AT1 expression in hPSCs, Briefly, slides were
incubated with the probe and a biotinylated secondary
antibody subsequently. The bound antibody was visualized
with an indirect biotin streptavidin system coupled to alkaline
phosphatase and were detected by the DAB reagent. Human
heart tissue was used as a positive control and the sense
probes (included in kit) were used as a negative control.

Apoptosis evaluation of hPSCs
Immunocytochemistry (ICC) detection of apoptotic cells
was carried out with the use of TUNEL, in which residues
of digoxigenin-labeled dUTP are catalytically incorporated
into the DNA by terminal deoxynucleotidyl transferase II.
After treatment with Losartan (Merck & Co, New Jersey,
USA) in different concentrations (10-9, 10-7, 10-5 and 10-3 mol/
L), the slides were fixed and washed thrice in 0.01 mol/L
PBS, the following procedures were performed according
to the manufacturer’s guidance (Boster, Wuhan, China). The
positive particles of  DAB staining were viewed with a
microscope (Olympus Japan). The number of apoptotic cells
was counted and expressed as a percentage of total hPSCs
population. Next, after a certain concentration of Losartan
treatment, harvested cells were washed twice with PBS
(0.01 mmol/L, pH 7.4), and the cells were resuspended in
bind buffer to a final concentration of 1×106 cells/mL.
Annexin-V FITC/PI solution (Roche, Germany) was added,
which can stain the damaged DNA in apoptotic cells, and
then the cells were kept in a dark place at room temperature
for 15 min. Quantitative analysis for apoptosis was
performed with regular flow cytometry (FCM)[10].

Cell proliferation assessment
The effect of Losartan on hPSCs proliferation was
determined by BrdU incorporation and cell counting. After

being cultured for 3 d on glass slides, hPSCs were incubated
with Losartan (a series of final concentrations 10-9, 10-8,
10-7 mol/L) for 48 h. Each concentration included six wells,
cells being cultured for 48 h firstly, and then supplemented
with BrdU (Boster, Wuhan, China) at 1×10-5 mmol/L. After
24 h, slides were stained according to the protocol. Positive
signals were visualized by DAB reagent plus substrate
intensifier. Five random areas of the slides were chosen
for counting stained and unstained hPSCs nuclei [positive
cells/(negative+positive cells)×100].

Migration study
Cell migration was assessed by an in vitro wound-healing
assay. For the wound-healing assay, hPSCs were cultured
until confluence on 35 mm-diameter culture dishes. Cells
were serum-starved for 24 h, and a 2-mm wide linear wound
was cleared. Cells were then incubated with AngII (10-8mol/L,
Sigma, USA), AngII (10-8 mol/L) plus Losartan (10-7 mol/L)
for 24 h[11]. Cells migrating into the wound were detected
using a phase-contrast microscope.

Western blotting
Western blotting was performed under standard conditions.
Briefly, hPSCs (1×106 ) were cultured in 60 mm culture
dishes, and were stimulated with AngII (10-7 mol/L) and
AngII plus Losartan (10-6 mol/L) separately for 24 h, 4 mL
of the cell media as precipitated with 0.76 g of sodium
sulfite at 4 ℃ for 4 h and then centrifuged at 12 000 g for
30 min. Pellets were resuspended in buffer (containing 50
mmoL Tris-Cl, 50 mmol DTT, 2% SDS, 0.1% bromophenol
blue, 10% glycerol), protein concentrations were determined
by BCA protein assay (Pierce, IL). Protein samples were
heated for 5 min at 100 ℃ and were subjected to
electrophoresis on a 8% acrylamide gel, and transferred to
PVDF membrane (Schleicher&Schuell, Germany). The
membrane was blocked in 50 mL/L non-fat dried milk in
TBS buffer for 2 h at 20 ℃, then membrane was incubated
overnight at 4 ℃ with rabbit anti-human collagen type I
antibody (diluted 1:200 in TBS buffer; Boster, Wuhan China)
and for 60 min with corresponding horseradish-conjugated
secondary antibodies (Santa Cruz, USA) at room temperature.
Membrane was washed thrice in Tris-buffered saline
containing 1% Tween-20 for 10 min after each of  the steps.
The protein bands were visualized with ECL chemiluminescence
system.

Immunofluorescent staining for collagen type I
hPSCs grew in chamber slides fixed with 2% paraformaldehyde,
permeabilized by 0.1% Triton X-100. For non-specific
binding site blocking, 1:50 normal goat serum was applied
for 10 min, and then incubated with primary antibody for
type collagen I (Boster, Wuhan, China) at 4 ℃ overnight,
biotinylated secondary antibody and streptavidin-conjugated
FITC (Southern Biotechnology Association, Birmingham,
USA) were used to intensify the images. Images were taken
by fluorescent microscope (Olympus, Japan).

Statistical analysis
Data values we expressed as mean±SD, these experiments
were performed in triplicate for each of  the six samples.
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Statistical analysis was performed with a two-tailed
Student’s t test, and P<0.05 was considered statistically
significant.

RESULTS
AT1 expression and AngII concentration in hPSCs
hPSCs were cultured for 14 d (activated PSCs),
immunostaining revealed that positive signals for AT1 were
located in cell plasm as shown (in Figures 1A and B).
ISH assay shows positive nuclei in hPSCs at mRNA level,
and representative examples of ISH staining are shown
(in Figures 1C and D). AngII was not detected in the
culture media or cell homogenate by RIA.

Effects of Losartan on hPSCs
TUNEL staining results suggest a marked increase in
apoptotic cell death in Losartan treatment groups in a
dosage-dependent manner compared to PBS treatment
group (Figure 2).

The percentage of apoptotic cell induced by Losartan
(Figure 3) was achieved using FCM (EpicsXL Coulter, USA).
In the two-dimensional histogram the horizontal axis shows
Annexin-V binding and the vertical axis shows PI uptake. The
percentage of cells are indicated in the apoptotic quadrant
(bottom right). Apoptosis began 24 h after certain dosage of
Losartan (10-5 mol/L) treatment, and the percentage of
apoptotic hPSCs rose from 3.7% (24 h) to 13.1% (72 h) during
treatment.

Figure 1  Immunocytochemistry and ISH detection of AT1 in hPSCs at protein and mRNA levels. Immunostaining positive particles were located in plasm, A (magnification ×100);
B (magnification ×400). ISH positive signals were located in nuclei C (magnification ×100); D (magnification ×400).

Figure 2  Dose-dependent induction of apoptosis by Losartan at dif ferent
concentrations. (Con, 1 = 10-9, 2 = 10-7 , 3 = 10-5, 4 = 10-3 mol/L; aP < 0.05 vs
different from all groups ).

Figure 3  Time-course of Losartan-induced apoptosis. hPSCs in 0.1% FCS
were exposed to 10-5 mol/L Losartan, and was assessd at 24, 48,72 h. Results
indicate that Losartan induces apoptosis in a time-dependent manner.
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were shown by immunofluorescence assay (Figure 6).

DISCUSSION
Chronic pancreatitis is an irreversible progressive disease
characterized by the destruction of acinar and ductule cells.
Increased accumulation of ECM is a histologic characteristic
of chronic pancreatitis that results in pancreatic fibrosis[12,13].

The molecular mechanisms resulting in the fibrosis in
pancreas remain unknown. PSCs may participate in matrix
remodeling through the regulation of ECM production and
matrix degradation. Like his counterpart HSCs, it is now

Figure 5  AngII accelerates in vitro wound healing confluent, culture-activated PSCs were serum deprived for 48 h. A wound was produced in the monolayer with
a pipette tip, and the cells were exposed to (A) AngII (10-8 mol/L), (B) 10% fetal bovine serum, (C) AngII + Losartan, (D) serum-free medium  along 24 h later, the cells
were photographed.

Figure 6  Losartan down-regulated collagen I protein expression  by western
blot and immunofluoresence. hPSCs were incubated with 10-6 mol/L Losartan.
Samples were exposed to certain concentration of Losartan+AngII and AngII for
24 h.

The BrdU labeling index in control cells was 3.5±0.8%.
Treatment with Losartan did not increase the labeling indices
(4.7±1.1%, 3.6±0.7%, 4.3±0.5%, Figure 4).

Migration of hPSCs was assessed with an in vitro
wound-healing assay. AngII (10-8 mol/L) and 10% FCS
induced migration of hPSCs into the wound. This effect
might be inhibited by Losartan (10-7 mol/L)[10], as demonstrated
by the assay. Images are representative of this experiment
(Figure 5).

Figure 4  Effects of Losartan on hPSCs proliferation assessed with BrdU
incorporation. Losartan itself did not affect cell proliferation compared to control
group. (aP>0.05 different from all the groups).

Western blotting and immunofluorescence assay for collagen
type I
The collagen type I level was substantially down-regulated after
10-6 mol/L Losartan treatment in hPSCs. In contrast, levels
of collagen were higher in control groups, and the same results
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generally accepted that PSCs are major ECM producing
cells in the pancreas[14,15]. On activation by different stimuli,
such as growth factor, cytokines, ethanol, oxidative stress,
PSCs produce a large amount of ECM proteins. Increasing
synthesis of ECM results from the number of PSCs,
determined by the balance of  cell proliferation and apoptosis,
or cells migrating from non-injured areas to injured areas.
Apoptosis, proliferation and migration of PSCs must play a
crucial role in pancreatic fibrotic process.

Recent evidence indicates that AngII plays a role in liver
fibrogenesis[16]. The AngII is locally expressed in injured
livers, and AngII inhibition attenuates experimental liver
fibrosis[17]. AngII is able to induce contraction and
proliferation of HSCs[18], and also increase the expression
of collagen I in lung fibroblasts[19]. Recently, it was shown
that ACE inhibitor suppressed progression of  hepatic fibrosis
in rats[18]. In addition, AngII and AT1 interaction results in
hepatic fibrosis, which could be suppressed by AT1

antagonist in vivo and in vitro[16]. Since the pathophysiologic
process of pancreatic fibrosis is similar to hepatic fibrosis,
and the hPSCs are a counterpart of HSCs, we hypothesize
that AngII participates in pancreatic fibrogenesis, though
the mechanisms underlying the fibrogenic action of AngII
in the pancreas merit further investigation. We speculated
that AngII and AT1 also play an important role in the
fibrogenesis of pancreas, so the expression of AT1 in PSCs
was assessed in our study.

It is reported that increased AngII may affect activation
and proliferation of PSCs[20]. Therefore, we propose a link
between AngII and PSCs during pancreatic fibrosis. While
the effects of AngII on cells are mediated by interaction
with its receptor (mainly AT1), we here present evidence
that hPSCs express AT1 at protein and mRNA level, this
finding suggests that AngII could exert biological actions in
these cells. Moreover we found that no AngII was detected
by RIA either in culture media or in hPSCs homogenate,
indicating that it is paracrine but not autocrine function of
AngII interacting with AT1 in hPSCs, which plays a role in
pancreatic fibrosis. In injured areas of pancreas, the level
of  AngII alleviate apparently. We observed that AngII
derived from exogenous pathway could promote hPSCs
migration, which is an important way for increasing hPSCs
number in these areas, and this process can be blocked
with certain concentration of  Losartan. We know that
AngII may modulate the re-organization of actin and
vinculin through Paxillin and other downstream molecules
such as small Rho family members after combining to a
certain membrane receptor, leading to cell polarity and
migration[21,22]. hPSCs migrating from uninjured areas
accumulate in the injured area, and participate in ECM
secretion and fibrotic formation[23,24]. The inhibitory effect
of Losartan might be attributed to AngII receptor
intervention. However, the precise modulating mechanisms
still need to be elucidated.

It is well accepted that AngII can induce apoptosis
through AT1 in some cell types, and this apoptotic process
could be alleviated with Losartan[25]. AT1 and AT2 are
two subtypes receptor of AngII. The AT1 regulates
vasoconstriction and sodium and water re-absorption, as
well as promote cell growth, proliferation, and collagen matrix

deposition. The AT2 appears to counterbalance the AT1 by
increasing the production of bradykinin, nitric oxide, and
cyclic guanosine monophosphate-mediating vasodilation and
by promoting cell differentiation, anti-proliferation, and
apoptosis. It is meaningful that our results suggest that
Losartan itself can induce hPSCs apoptosis in a dose- and
time-dependent manner clarified by TUNEL and FCM
assays, while there are no marked effects on hPSCs
proliferation. We made a serial concentration of  Losartan
firstly in order to ascertain the adaptable pro-apoptotic
dosage, and found that 10-5 mol/L had significant pro-
apoptotic effect. Also we chose 0.1% FCS in time-course
apoptotic test in order to decrease the serum’s effect on
anti-apoptosis. Based on this result, we used 10-6 mol/L in
pro-proliferation study in order to avoid pro-apoptotic effect.
Apoptosis is a physiological mechanism of deleting cells
that regulates cell mass and architecture in many tissues.
Inducing PSCs apoptosis or inhibiting PSCs proliferation
are always hope-giving methods for complete treatment of
pancreatic fibrosis. The regulatory mechanisms and signaling
pathways in this process are poorly defined. However, how
can we explain this paradox? Actually, AngII is also a potent
anti-apoptotic factor, capable of reversing the effects of
NO as well as the response to serum withdrawal-induced
apoptosis was noted at concentrations as low as 10 nmol/L[26].
The observation that AngII inhibits cGMP analog-induced
apoptosis suggests that the survival signal is downstream
from the activation of cGMP protein kinase[26]. Given
the pleiotropic effects of AngII on a variety of second
messenger systems, such as calcium, protein kinase C,
mitogen-activated protein kinase, and other tyrosine kinases,
there are many potential mechanisms by which AngII may
stimulate a cell survival signal[27,28]. It has been reported
that AngII inhibits apoptosis mainly via the stimulation of
the AT1

[26]. Other anti-apoptotic mechanism might be
associated with down-regulation of iNOS expression and
requires an intact phosphatidylinositol 3-kinase-Akt survival
signal pathway[29]. Whether the interaction between Losartan
and AT1 could activate downstream molecular signals
inducing apoptosis is worthy of further investigation.
Losartan treatment also lowers the content of collagen I in
culture media and hPSCs compared to control group
determined by Western blot and immunofluorescence. This
contention coincides with other reports that the specific
blockade of AT1 causes a reduction in collagen I.

It is demonstrated that PSCs possessing AT1, have a
possible impact on the pathogenesis of acute and chronic
pancreatitis. In the injured pancreas, AngII production by
the local RAS may contribute to an impaired microcirculation,
resulting in increased intrapancreatic vascular resistance,
reduced pancreatic juice efflux, and fibrotic reorganization[30].
Kuno et al.[12] recently demonstrated in an in vivo model of
chronic pancreatitis that inhibition of  the ACE attenuates
pancreatic inflammation and fibrosis, further corroborating
the view that AngII and AT1 may play an important role in
pancreatic pathophysiology. Taken together, our data provide
evidence to support that Losartan has direct anti-migration,
antifibrotic and pro-apoptotic effects on hPSCs in vitro, these
processes might be mediated in part, by interaction with
AT1. These findings have important implications for
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understanding the role of AT1 and its antagonist in pancreatic
fibrosis. If  this is confirmed, the inhibition of  AT1 by
Losartan could represent a novel approach to inhibit
fibrogenesis in patients with chronic pancreatic disease.
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to non-noxious and noxious CRD in a dose-dependent 
manner. 

CONCLUSION: Our resul ts suggest that sp inal 
N -methyl-D-aspartate (NMDA) and non-NMDA receptors 
may contribute to the processing of central sensitivity 
in a neonatal CI rat model, but they may play different 
roles in it.

© 2005 The WJG Press and Elsevier Inc. All rights  reserved.
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INTRODUCTION
Chronic pain is frequently associated with increased 
neuronal excitability in the spinal cord, a phenomenon 
often referred to as central sensitization. Central sen-
sitization can be induced by a number of  sensitizing 
stimuli, including repeated mechanical stimulation and 
peripheral tissue injury, triggering burst of  activities in 
nociceptors that alter the strength of  synaptic connections 
between the nociceptors and the neurons of  the spinal 
cord. In functional pain disorders, the peripheral stimulus 
is mostly lacking, and the prevalent hypothesis is that 
hypersensitivity is caused by functional changes (plasticity) 
in the nervous system, including central sensitization[1]. 
A key step in the development of  central sensitization is 
activation and modulation of  the N-methyl-D-aspartate 
(NMDA) receptor in those dorsal horn neurons of  the 
spinal cord that receive primary afferent input[2,3]. NMDA 
receptors have a voltage-dependent magnesium ion 
(Mg2+) channel block at resting membrane potential[4] 
and, therefore, do not seem to contribute to transient 
pain transmission[5-7] . Transient pain transmission occurs 
through the release of  glutamate from the nociceptor 
afferent neurons acting via the AMPA/kainate receptors at 
the dorsal horn, which do not have a Mg2+ block, resulting 
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Abstract
AIM: To investigate and compare the effects of spinal 
D-(-)-2-amino-7-phosphonoheptanoic acid (AP-7) and 
6-cyano-7-nitroquinoxaline-2,3-dione disodium (CNQX), 
two glutamate receptor antagonists, on the responses 
of dorsal horn neurons to colorectal distension (CRD) in 
adult rats exposed to neonatal colon irritation (CI). 

METHODS: Hypersensitive SD rats were generated by 
CI during postnatal days 8, 10 and 12. Experiments on 
adult rats were performed using extracellular single-unit 
recording. The effects of spinal application of AP-7 (0.001, 
0.01, 0.1, 1 mmoL) were tested on the CRD-evoked 
neuronal responses in 16 controls and 17 CI rats. The 
effects of CNQX (0.2, 2, 5, 10 μmoL) were also tested 
on the CRD-evoked responses of 17 controls and 18 CI 
neurons.

RESULTS: (1) The average responses of lumbosacral 
neurons to al l intensit ies of CRD in CI rats were 
significantly higher than those in control rats; (2) In 
control rats, AP-7（0.01 mmoL）had no significant effect 
on the neuronal response to all intensities of CRD (20, 
40, 60, 80 mmHg); while AP-7 (0.1 mmoL) inhibited the 
neuronal response to 80-mmHg CRD. By contrast, in CI 
rats, AP-7 (0.01-1 mmoL) attenuated the CRD-evoked 
neuronal responses to all distention pressures in a dose-
dependent manner; (3) In control rats, CNQX (2 μmoL) 
had no significantly effect on the neuronal response 
to all intensities of CRD;  however, CNQX (5 μmoL) 
significantly attenuated the responses to CRD in the 
40-80 mmHg range. By contrast, CNQX (2-10 μmoL) 
significantly decreased the neuronal responses in CI rats 
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in membrane depolarization. However, stimulation of  
nociceptive afferents following injury/inflammation 
causes an increased and sustained release of  glutamate 
from the central terminals of  nociceptor afferents in the 
dorsal horn; this results in depolarization beyond a critical 
threshold, with the removal of  the Mg2+ block, activation 
of  NMDA receptors and a consequent amplification of  
pain[8,9]. This phenomenon of  NMDA receptor-mediated 
central sensitization is a well-established mechanism 
in both animal and human models of  somatic pain 
hypersensitivity and is attenuated by NMDA receptor 
antagonists[10,11]. 

Persistent or inf lammatory visceral stimuli also 
produce central sensitization via NMDA receptors. Spinal 
administration of  NMDA aggravates behavioral and neural 
responses to both noxious and innocuous intensities 
of  CRD; these responses can be blocked by NMDA 
receptor antagonists[12,13]. Visceral hyperalgesia produced 
by colonic inflammation is mediated by NMDA and non-
NMDA spinal receptors[14,15]. However, to our knowledge, 
little is known about the role of  NMDA or non-NMDA 
glutamate receptors in the central sensitization of  chronic 
visceral pain. 

Previous work done by our group has shown that colon 
irritation (CI) in neonates can engender chronic visceral 
hypersensitivity in adult rats with associated peripheral and 
central neuronal sensitization in the absence of  identifiable 
peripheral pathology[1,16]. The present study investigated 
and compared the effects of  spinal D-(-)-2-amino-7-
phosphonoheptanoic acid (AP-7, TOCRIS), an NMDA 
receptor antagonist, and 6-cyano-7-nitroquinoxaline-2, 
3-dione disodium (CNQX, TOCRIS), a non-NMDA 
receptor antagonist, on the responses of  dorsal horn 
neurons responding to colorectal distension (CRD) in rats 
with neonatal CI and in controls. Part of  these data have 
been reported in abstract[17]. 

MATERIALS AND METhODS
Experiments were performed on 68 adult male Sprague-
Dawley rats (weight, 250-350 g) obtained as pre-weanling 
neonates (younger than 5 d) from Harlan Sprague-Dawley 
(Indianapolis, IN). Thirty five rats received colon irritation 
(CI) as neonates and 33 rats served as controls (see 
below). Rats were housed in plastic cages containing corn 
chip bedding (Sani-Chips; PJ Murphy Forest Products, 
Montville, NJ) and maintained on a 12:12 h light-dark 
cycle (lights on at 7 am). The irritation procedures and 
the experimental testing were conducted during the light 
component of  the cycle. The neonates were housed 10 
per cage with 1 mo until they were 28-d-old. The adult 
females were accessed to food and water ad libitum. 
After separation, the male young rats were housed 4 per 
cage with access to food and water ad libitum. The rats 
were observed daily, and their weights were measured 
at least once a week. Adequate measures were taken to 
minimize pain and discomfort. All studies were performed 
in accordance with the proposal of  the Committee 

for Research and Ethical Issues of  the International 
Association for the Study of  Pain[18] and were approved by 
the Institutional Animal Care and Use Committee at the 
University of  Texas Medical Branch in accordance with 
the guidelines provided by the USA National Institute of  
Health Guide for the Care and Use of  Laboratory Animals 
(NIH Publications No. 80-23) revised in 1996.

Neonatal colon irritation 
Neonatal colon irritation (CI) was applied using colorectal 
distension (CRD) during postnatal development. The 
CRD procedure was modified from a previous report by 
Al-Chaer et al[1]. Briefly, the rats (8-d-old) were divided into 
two groups for the purposes of  two different treatments: 
Group 1 (CI rats) received CRD once on postnatal (PN) 
days 8, 10, and 12. The distention was applied using an 
angioplasty balloon (Advanced Polymers Inc., length: 
20.0 mm; diameter: 3 mm), inserted rectally into the 
descending colon in awake neonates. The balloon was 
distended with 0.3 mL of  water, exerting a pressure of  
60 mmHg (as measured with a sphygmomanometer) for 
1 min and then deflated and withdrawn. Group 2 (which 
served as controls) was handled in a way similar to group 
1 except that no colonic insertion was made. Rats in this 
group were separated from the dams, gently held and 
touched on the perianal area on a schedule similar to that 
described for group 1. Above experiments were done by 
the same investigator. No treatment, procedures or further 
interventions were done by the investigator until the 
testing date. 

Electrophysiological preparations
Animal preparation and surgical procedures Ex-
periments were carried out on anesthetized and para-
lyzed adult rats (> 2 mo). Anesthesia for adult rats in 
both groups was induced by 5% halothane. The depth 
of  anesthesia during surgery was maintained by ~2.5 % 
halothane, which was adjusted by monitoring withdrawal 
responses to pinch. During electrophysiological recording, 
anesthesia was maintained by ~1.0 % halothane. Once 
a stable level of  anesthesia was reached, the rats were 
paralyzed with pancuronium bromide (0.3 mg/kg iv) 
and artificially ventilated. The adequacy of  the depth of  
anesthesia during recordings was monitored by frequent 
examination of  the pupillary reflexes and assessing stability 
of  the level of  end-tidal CO2, which was kept between 
3.5% and 4.5% by adjusting the respiratory parameters. 
Body temperature was monitored and maintained at 37 oC 
by a servo-controlled heating blanket. The L6-S1 segments 
of  the spinal cord were exposed by laminectomy. The rat 
was placed in a head holder and suspended with thoracic 
vertebral and ishial clamps. The dura matter was carefully 
removed and the spinal cord was bathed in artificial 
cerebral spinal fluid (ACSF)[19].
Colon stimulation Colon stimulation in adult rats 
consisted of  graded colorectal distension (CRD) produced 
by inflating a balloon inside the descending colon and 
rectum. The balloon was 4 cm in length and made of  the 
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finger of  a latex glove. It was attached to polyethylene 
tubing and inserted through the anus into the rectum 
and descending colon. The open end of  the balloon 
was secured to the tubing with thread and wrapped with 
tape (1 cm wide). The balloon was inserted so that the 
thread was approximately 1 cm proximal to the anal 
sphincter, and was held in place by taping the tubing to 
the tail. The tubing was attached via a T-connector to a 
sphygmomanometer pump and a pressure gauge. Prior 
to use, the balloon was inflated and left overnight so that 
the latex stretched and the balloon became compliant. 
CRD was produced by rapidly inflating the balloon to the 
desired pressure (20, 40, 60 or 80 mmHg) for a duration 
of  10 s. Stimuli applied in an ascending graded manner 
(spaced by 4 min). To decrease the “human factor” bias to 
the minimum possible, the same stimulation paradigm was 
used in every rat. Colon stimulation was applied accurately 
according to the pressure gauge without observation 
of  the oscilloscope or computerized record so that the 
experimenter was unaware of  the response magnitude.
Electrophysiological recording Tungsten micro-
electrodes (2-6 MΩ Micro Probe Inc.) were used for 
extracellular single-unit recording in the L6-S2 spinal 
segments, 0-1.5 mm lateral to midline, 0.2-1.1 mm from 
the spinal cord dorsum. The search stimulus consisted of  
brushing the ipsilateral perianal/scrotal area with a small 
paint brush[20] and CRD (60 mmHg)[21]. When a neuron 
responsive to the cutaneous stimuli was identified, the 
colon was distended for several seconds to test whether the 
neuron was responsive to CRD. The electrophysiological 
recordings were conducted by an investigator blinded to 
the type of  rats. Action potentials were fed into a window 
discriminator and monitored continuously by analog 
delay and displayed on a storage oscilloscope after initial 
amplification through a low-noise AC differential amplifier 
(DAM 80i). The output of  the amplifier and window 
discriminator were fed into a data collection system (CED 
1401 +) and Spike2 for Windows software (Cambridge 
Electronic design, UK) to compile rate histograms or 
wavemark files. Single units were differentiated on- and 
off-line. Only cells that had an excitatory response to CRD 
were chosen for the study. Care was taken to insure that 
noise was not captured by the window discriminator.

Experimental protocols    
Each CRD-responsive neuron was tested with the 
same method (20, 40, 60, and 80 mmHg) before drug 
administration to establish a baseline response of  the 
neuron. Drugs were dissolved in ACSF and 20 μL was 
applied spinally to the surface of  the spinal cord[19]. The 
effects of  spinal application of  AP-7 (0.001, 0.01, 0.1, 
1 mmoL) were tested on the CRD-evoked responses of  
16 controls and 17 CI neurons. The effects of  spinally 
administered CNQX (0.2, 2, 5, 10 μmoL) were tested 
on the CRD-evoked responses of  17 controls and 18 
CI neurons. The drug was removed by tissue wick prior 
to application of  the next dose. Only one neuron was 
studied in each animal. The reported doses were the 
applied dose, not a cumulative dose. A drug effect was 

described as a change by more than 20% in the response 
to CRD after the drug was applied, compared to baseline 
response recorded before drug application. Responses of  
LS neurons to CRD were recorded 15 min after each drug 
administration. 

The responses to CRD were recorded and calculated 
as the difference between the rate of  firing during the 
stimulus application and that during the baseline recording. 
The responses of  CI rats were compared to those of  
controls for statistical significance. Drug effect was tested 
by recording responses of  neurons to CRD before and 
after the drug application in controls and CI rats. For 
control purposes, the spinal cord was bathed in ACSF 
before the drug application. The effects of  drugs on the 
baseline and the responses to CRD were analyzed within 
each group and were compared between the controls and 
CI groups for any statistical significance. At the end of  the 
experiments, the rats were euthanized with an overdose of  
halothane.

Statistical analysis
The spontaneous activity of  a neuron was measured for 
20 s before CRD, and the response of  a neuron to CRD 
was determined as the average increase in discharge during 
distention above the average spontaneous activity. The 
responses recorded in CI rats were compared to those 
recorded in control rats for statistical significance. Unless 
otherwise indicated, data were expressed as mean ± SE. 
The CRD data was analyzed using repeated measures 
analysis of  variance (RM ANOVA). A model with the 
repeated factors of  intensity, group, and the (intensity x 
group) interaction was used to examine significant intensity 
effects, group effects and (intensity x group) interactions. 
Significant group and interaction effects meant that 
responses in the corresponding groups increased in a 
significantly different manner (i.e., responses of  CI group 
were significantly different from responses of  control 
group). For non-parametric data, the Mann Whitney rank 
sum test was used. P<0.05 was considered statistically 
significant in all cases.

RESULTS
Responses to CRD
The neuronal responses to CRD recorded in the controls 
or CI rats were stimulus-locked. In both controls and CI 
rats, responses of  lumbosacral (LS) neurons to CRD were 
graded with stimulus intensity. A model with the repeated 
factors of  intensity, group, and the (intensity x group) 
interaction showed that there was a significant intensity 
effect (P<0.05), group effect (P<0.05) and (intensity 
x group) interaction (P<0.05). The interpretation of  
these results is that there was a significant increase in the 
magnitude of  neuronal responses with increasing levels 
of  CRD in both groups (Figure 1). Also, the average 
responses of  LS neurons to all intensities of  CRD in CI 
rats were significantly higher than those in control rats 
(Figure 1).
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Effect of spinal AP-7 on LS neuronal response to CRD
Percentage of  LS neurons inhibited by spinal AP-7   
Generally, the effect of  AP-7 occurred during 5-30 min 
after the drug administration. 

In control rats, 4 of  the 16 neurons (25%) were 
inhibited by AP-7 (0.001 mmoL); these responded to all 
graded CRD. Eight of  the 16 neurons (50%) responded 
to CRD (20-60 mmHg); these were inhibited by AP-7 
(1 mmoL). Thirteen of  the 16 neurons (81.2%) that 
responded to CRD (80 mmHg) were inhibited by AP-7  
(1 mmoL). The effect of AP-7 appeared to be incremental. The effect of AP-7 appeared to be incrementalThe effect of  AP-7 appeared to be incremental 
with dose and stimulus intensity with maximum effect seen 
on the response to 80 mmHg CRD in control rats (Table 1).

In CI rats, 6 of  the 15 neurons (40%) that responded 
to all intensities of   CRD were inhibited by AP-7AP-7  
(0.001 mmoL). All nine neurons (100%) that responded to. All nine neurons (100%) that responded toneurons (100%) that responded to 
all intensities of   CRD were inhibited by AP-7 (1 mmoL)AP-7 (1 mmoL)1 mmoL)) 
(Table 1)..

The effect of  AP-7 on neuronal response to all 
intensities of  CRD was more pronounced in CI rats 
compared to control rats. AP-7 dose-dependently 
attenuated the CRD-evoked responses at all distention 
pressures in all nine (100%) CI neurons. 
Effect of  spinal AP-7 on the average responses of  
LS neurons to CRD  No significant changes were seen 
in the responses of  11 control neurons to intensities 
of  CRD fol lowing spinal administrat ion of  AP-7  
(0.01 mmoL) (Figure 2A). On the other hand, AP-7  
(0.1 mmoL) significantly attenuated the average response 
to high intensity of  CRD (80 mmHg) (n = 12) and AP-7 
(1 mmoL) significantly attenuated the average responses to 
CRD (40-80 mmHg) in controls (n = 16) (Figure 3A).

AP-7 (0.01 mmoL) significantly attenuated the average 
responses to intensities of  CRD in CI rats in a dose-
dependant manner (Figures 2B and 3B). 

Effect of spinal CNQX on LS neuronal response to CRD 
(20-80 mmHg)
Percentage of  LS neurons inhibited by CNQX In 
general, the effect of  CNQX occurred during about  
10 min after the drug administration.

In control rats, spinal CNQX (0.2 µmoL) inhibited the 
responses of  4 of  the 17 neurons (23.5%) that responded 
to intensities of  CRD. At a higher dose, CNQX (10 µmoL) 
inhibited the responses of  6 of  8 neurons (75%) that 
responded to CRD (40-80 mmHg), (Table 2). 

In CI rats, spinal CNQX (0.2 µmoL) inhibited the 
responses of  5 of  the 11 neurons (45.4%) that responded 
to intensities of  CRD. At a higher dose, CNQX (10 µmoL) 
inhibited the responses of  all 8 neurons (100%) that 
responded to intensities of  CRD (Table2). Thus, CNQX 
dose-dependently attenuated the CRD-evoked responses 
at all distention pressures in CI neurons. The effect of  
CNQX on neuronal response to all intensities of  CRD was 
more pronounced in the CI rats compared to the control 
rats. 
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CI (n = 18)
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Figure 1  Average responses of LS neurons to CRD (20, 40, 60, 80 mmHg). Bar 
graph summarizes the average background activity (baseline; control, n = 17; CI, 
n = 18) and the responses of LS neurons to all intensities of CRD in control and 
CI rats. The responses to CRD are reported as the mean increase in firing rate 
above baseline. Responses recorded in CI rats were significantly higher than 
those recorded in control rats. aP<0.05  vs the values of normal rats with the same 
intensity; cP<0.05 vs 20 mmHg CRD in each group; eP<0.05 vs 40mmHg CRD in 
CI rats.

Dose 20 (%) 40 (%) 60 (%) 80  (mmHg%)
Controls
0.001 mmoL 25 (4/16) 25 (4/16) 25 (4/16) 25 (4/16)
0.01 mmoL 36.3 (4/11) 36.3 (4/11) 36.3 (4/11) 45.4 (5/11)
0.1 mmoL 41.6 (5/12) 50 (6/12) 58.3 (7/12) 75 (9/12)
1 mmoL 50 (8/16) 50 (8/16) 50 (8/16) 81.2 (13/16)
CI rats
0.001 mmoL 40 (6/15) 40 (6/15) 40(6/15) 40 (6/15)
0.01 mmoL 60 (6/10) 60 (6/10) 60 (6/10) 60 (6/10)
0.1 mmoL 81.8 (9/11) 81.8 (9/11) 81.8 (9/11) 81.8 (9/11)
1 mmoL 100 (9/9) 100 (9/9) 100 (9/9) 100 (9/9)

Table 1 Percentage attenuation of responses to graded CRD of LS 
neurons by AP-7 in control and CI rats

Denominators in parentheses indicate the total number of LS neurons treated 
with AP-7 and numerators indicate the number of neurons affected by AP-7 
at the same dose level in control and CI rats. A drug effect is described as a 
change by more than 20% in the response to CRD after the drug was applied, 
compared to baseline response recorded before the use of drug. 

Dose 20 (%) 40 (%) 60 (%)                     80  (mmHg%)
Controls
0.2 μmoL 23.5 (4/17) 23.5 (4/17) 23.5 (4/17)      23.5 (4/17)
2 μmoL 44.4 (4/9) 44.4 (4/9) 44.4 (4/9)        44.4 (4/9)
5 μmoL 50 (4/8) 62.5 (5/8) 62.5 (5/8)        62.5 (5/8)
10 μmoL 71.4 (5/7 ) 75  (6/8) 75  (6/8)          75  (6/8)
CI  rats
0.2 μmoL 45.4 (5/11) 45.4(5/11) 45.4 (5/11) 45.4 (5/11)  
2 μmoL 77.8 (7/9) 77.8 (7/9) 77.8 (7/9) 77.8 (7/9)  
5 μmoL 83.3 (5/6) 83.3 (5/6) 83.3 (5/6) 83.3 (5/6)
10 μmoL 100 (8/8 ) 100 (8/8 ) 100 (8/8 ) 100 (8/8 )  

Table 2 Percentage attenuation of responses to graded CRD of LS 
neurons by CNQX in control and CI rats

Denominators in parentheses indicate the total number of LS neurons treated 
with CNQX and numerators indicate the number of neurons affected by 
CNQX at the same dose level in control and CI rats. The effect of CNQX 
on neuronal response to all intensities of CRD was more pronounced in CI 
rats than that in control rats. CNQX dose-dependently attenuated the CRD-
evoked responses at all distention pressures in all 8 (100%) CI neurons.
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Effect of  spinal CNQX on the average responses 
of  LS neurons to CRD CNQX (2 µmoL) had no 
significant effect on the responses of  9 control neurons 
to all intensities of  CRD (Figure 4A). However, CNQX 
(5 µmoL) significantly attenuated the responses to 
CRD in the 40-80 mmHg range and CNQX (10 µmoL) 
significantly attenuated the response to all intensities of  
CRD in control rats (n = 8) (Figure 5A).

By contrast, CNQX (2 µmoL) significantly attenuated 

the average response of  9 CI neurons to all intensities 
of  CRD (Figure 4B). In general CNQX (2-10 µmoL) 
decreased the neuronal responses in CI rats to non-
noxious and noxious CRD in a dose-dependant manner 
(Figure 5B). 

DISCUSSION
Injury and pain in neonates can have severe developmental 
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Figure 2  Effect of AP7 (0.01 mmoL) on dorsal horn neuronal responses to CRD in control or CI rats. Rate histograms illustrate the responses of a dorsal horn neuron 
isolated from a control rat (A) and of another neuron isolated from a CI rat (B) before (grey) and after (black) spinal administration of AP-7 (0.01 mmoL). Horizontal bars 
indicate the timing and duration (10 s) of CRD (20- 80 mmHg).
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Figure 3  Effect of spinal AP7 on average responses of LS neurons to CRD. Bar graphs illustrate the responses of LS neurons to CRD (20-80 mmHg) recorded in control 
rats (A; left panel) or CI rats (B; right panel) before and after spinal administration of AP7. A: AP-7 (0.1 mmoL) significantly attenuated the average response to high intensity 
CRD (80 mmHg) and AP-7 (1 mmoL) significantly attenuated the responses to CRD (40-80 mmHg) in controls; B: AP-7 (0.01 mmoL) significantly attenuated the average 
responses to graded CRD in CI rats in a dose-dependant manner. aP<0.05, bP<0.01, dP<0.001 vs before AP-7 application at that distention pressure in each group.
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repercussions that may often alter the physiological and 
functional profile of  the adult. In previous studies, our 
group has shown that colon pain in neonatal rats can cause 
long-term visceral hypersensitivity associated with central 
neuronal and peripheral sensitization, despite the lack of  
inflammation signs in the colon[1,16]. This chronic colorectal 
hyperalgesia can be blocked by a peripheral NMDA 
receptor antagonist (AP7)[22]. In this study, we showed 
that spinal application of  AP-7 or CNQX attenuated the 
neuronal response to graded CRD in both control and CI 

rats with a more pronounced effect in CI rats. Thus, both 
spinal NMDA and non-NMDA receptors contribute to the 
central sensitization seen in adult rats with chronic visceral 
hypersensitivity. 

Neonatal injury and central sensitization
Significant development of  nociceptive neural circuits 
occurs during early postnatal life[9]. Painful or stressful 
stimuli, which are normally absent or limited during this 
critical developmental period, represent a unique sensory 
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Figure 4  Effect of CNQX (2 µmoL) on dorsal horn neuronal responses to CRD in control or CI rats. Rate histograms illustrate the responses of a dorsal horn neuron 
isolated from a control rat (A) and of another neuron isolated from a CI rat (B) before (grey) and after (black) spinal administration of CNQX (2 µmoL). 
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Figure 5   Effect of spinal CNQX on average responses of LS neurons to CRD. Bar graphs illustrate the responses of LS neurons to graded CRD (20-80 mmHg) recorded in 
control rats (A; left panel) or CI rats (B; right panel) before and after spinal administration of CNQX. A: In control rats, CNQX (5 µmoL) significantly attenuated the responses 
to CRD in the 40-80 mmHg range and CNQX (10 µmoL) significantly attenuated the response to all intensities of CRD; B: In CI rats, CNQX (2-10 µmoL) significantly 
decreased the response to all intensities of CRD in a dose-dependent manner. aP<0.05, bP<0.01, dP<0.001 vs  before CNQX application at that distention pressure in each 
group; cP <0.05 vs 2 µmoL CNQX.
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experience that may result in permanent alterations in the 
afferent pathways of  the newborn organism[23-28]. In human 
neonates, sensitization can be produced by repeated 
mechanical stimulation or heel lances and as a consequence 
of  circumcision or surgery[29,30]. The neonatal nervous 
system appears particularly vulnerable and susceptible to 
plastic changes.

Our group has previously shown that neonatal colon 
pain or inflammation in rats can have a devastating 
effect on the physiology and function of  the adult. 
Colon hypersensitivity, characterized by allodynia and 
hyperalgesia, could be observed two months after the 
initial injury despite the lack of  an obvious pathology in 
the colon tissue. This hypersensitivity was shown to be 
associated with central neural and peripheral sensitization 
characterized by increased neuronal responses to CRD and 
a reduction in the thresholds of  visceral nociceptors[1,16]. 
This was consistent with the work of  others who have 
demonstrated the presence of  central plastic changes in 
both somatic and visceral nociceptive systems[31-33], and 
also consistent with our earlier work on central processing 
of  visceral nociception[34-36].

Generally, pelvic visceral input converges onto spinal 
neurons in the lumbosacral (LS) segments[37, 38] and 
hypogastric input onto thoracolumbar (TL) segments of  
the spinal cord. Many experiments have demonstrated that 
nociceptive afferent discharges in visceral afferents evoke 
profound central changes[31,32,39]. 

NMDA receptors and CRD
In somatic tissue, NMDA receptors contribute to the 
generation of  central sensitization following tissue 
injury and inflammation[2,3]. Transient distension of  the 
ureter evokes a pressor response that is inhibited by 
NMDA receptor antagonists[40]. Rice and McMahon[41] 
investigated the role of  spinal NMDA receptors in central 
sensitization in an animal model of  persistent visceral 
pain[12]. Likewise, NMDA receptor antagonists attenuated 
primary afferent[22,42] and spinal neuron responses to acute 
noxious and innocuous colorectal stimuli[13,43,44]. Our 
results indicated that, in control animals (without colon 
hypersensitivity), the lower doses of  AP-7 had no effect 
on the neuronal response to noxious and innocuous CRD; 
while the higher dose of  AP-7 lowered the neuronal 
response to noxious CRD. However, in chronic colon 
hypersensitivity rats in the absence of  inflammation, 
lower doses of  AP-7 significantly decreased the response 
to graded CRD as compared to the controls. These data 
support the proposition that spinal NMDA receptors 
contribute to chronic visceral hypersensitivity. 

Non-NMDA receptors and CRD
Intrathecal administration of  non-NMDA receptor 
antagonist, DNQX, was reported to attenuate enhanced 
reflex responses to mechanical stimulation of  an inflamed 
colon, but was ineffective in non-inflamed rats[14]. On the 
other hand, systemically-administered DNQX attenuated 
spinal dorsal horn neuronal responses to noxious CRD in 
normal rats[45]. Our experiments showed that the response 

to noxious and innocuous CRD was dose-dependently 
attenuated by CNQX in 75% (6/8) and 71.4% (5/7) 
control neurons. But, the effect of  CNQX on neuronal 
response to all intensities of  CRD was more pronounced 
in CI rats than that in control rats. These results further 
support a role for spinal non-NMDA receptors in visceral 
sensory processing[19,35,46] .

In summary, a possible shift in the role of  spinal 
NMDA and non-NMDA receptors residual to the neonatal 
injury may underlie the differential effects of  AP-7 and 
CNQX between rats with neonatal CI and controls. These 
results further support the assertion that both spinal 
NMDA and non-NMDA receptors contribute to the 
central sensitization seen in adult rats with chronic visceral 
hypersensitivity and the conjecture that IBS pain may be 
associated with NMDA and non-NMDA receptors. 
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Abstract
AIM: To clarify the pathogenesis of biliary dilatation 
associated with anomalous union of the pancreatic and 
biliary ducts (AUPBD).

METHODS: Direct cholangiopancreatograms of 350 
adult patients with or with suspicion of hepatobiliary 
or pancreatic disorders were reviewed. AUPBD was 
diagnosed cholangiopancreatographically, when the 
pancreaticobiliary ductal union was located above the 
narrow distal segment of the bile duct, which represents 
the action of the sphincter of Oddi. The narrow portion 
of the terminal choledochus was defined as symmetrical 
stricture of the common bile duct just above the 
pancreaticobiliary ductal union.

RESULTS: AUPBD was found in 36 patients. Among ch-
olangiopancreatographic features, the narrow portion of 
the terminal choledochus was the most pathognomonic 
for AUPBD (accuracy, 98%); it was present in 29 (81%) 
patients with AUPBD, but was not found in any patients 
without AUPBD. Among patients with AUPBD, biliary 
dilatation (>10 mm) was more frequent in those with 
the narrow portion of the terminal choledochus (23/29) 
than in those without (2/7; P = 0.018) AUPBD. Among 
the patients with both AUPBD and the narrow portion of 
the terminal choledochus, there was a strong negative 
correlation between the minimum diameter of the narrow 
portion and the maximum diameter of the choledochus
(r = -0.78, P <0.001), suggesting that the degree of 
biliary narrowing at the narrow portion correlates with 
that of upstream biliary dilatation.

CONCLUSION: The narrow portion of the terminal 
choledochus, a pathognomonic radiologic feature of 

AUPBD, may be a cause of biliary dilatation in patients 
with AUPBD.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Anomalous union of  the pancreatic and biliary ducts 
(AUPBD) is an uncommon congenital condition, which 
predisposes to various pancreaticobiliary disorders 
including congenital choledochal cyst[1-5], biliary cancer[6-8], 
and pancreatitis[9-12], and is more commonly seen in Asian 
than in Western countries[13]. This anomaly is defined 
as the pancreaticobiliary ductal union located above the 
action of  the sphincter of  Oddi as first described by 
Babbitt[1]. Although direct cholang-iopancreatography is 
the most reliable means of  detecting this anomaly[14-16] , 
the pathognomonic cholangiopancreatographic features of  
AUPBD have not been fully delineated.

AUPBD is f requent ly accompanied by b i l iar y 
dilatation[1-5], but some patients with AUPBD show no 
biliary dilatation[8,17]. The causal relationship between 
AUPBD and biliary dilatation associated with this anomaly 
has not been fully established.

The aims of  this study were to elucidate the cholang-
iopancreatographic features specific to AUPBD and to 
clarify the pathogenesis of  biliary dilatation associated with 
AUPBD, by analyzing direct cholangiopancreatograms of  
350 Japanese adult patients with or without AUPBD.

MATERIALS AND METHODS
Patients                            
From January 1988 to July 1999, 535 consecutive adult
patients with or with suspicion of  hepatobiliary or
pancreatic disorders underwent direct cholangiopancrea-
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tography before surgical intervention in our hospital. All 
were Japanese. Direct cholangiopancreatography included 
endoscopic retrograde cholangiopancreatography (ERCP) 
and percutaneous transhepatic cholangiography (PTC). 
One hundred and seventy-six patients were excluded due 
to biliary involvement from pancreaticobiliary malignancies 
which precluded opacification of  the pancreaticobiliary 
ductal union, lack of  opacification of  one or both ducts, 
or failure to localize the pancreaticobiliary ductal union 
despite opacification of  both ductal systems. Nine patients 
in whom the common bile and main pancreatic ducts 
entered separately into the duodenum were also excluded. 
The remaining 350 patients, in whom ERCP (n  = 324) or 
PTC (n = 26) opacified the pancreaticobiliary ductal union, 
formed the basis of  this retrospective study, including 
174 women and 176 men with ages ranging from 18 to 
86 years (median, 61 years). They included 118 patients 
with biliary malignancy, 118 with gallstone disease, 27 with 
liver tumor, 17 with pancreatic cancer, 16 with congenital 
choledochal cyst, 11 with chronic pancreatitis, and 43 with 
miscellaneous disorders.

Cholangiopancreatographic diagnosis of AUPBD
Although the cr i ter ia for AUPBD have not been 
standardized, the essential feature of  this condition is the 
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pancreaticobiliary ductal union located above the action of  
the sphincter of  Oddi as first described by Babbitt[1]. Thus, 
in this study, AUPBD was diagnosed cholangiopancreato-
graphically when the pancreaticobiliary ductal union was 
located above the narrow distal segment (NDS), which 
represents the functional region of  the sphincter of  Oddi 
(Figures 1 and 2)[8,16,17].

Terminology of cholangiopancreatographic features
Direct cholangiopancreatograms were reviewed in each of  
our patients to elucidate the presence or absence of  the 
following major radiologic features: narrow portion of  
the terminal choledochus, biliary dilatation, and proximal 
dilatation of  the main pancreatic duct.

The narrow portion of  the terminal choledochus 
was defined as symmetrical stricture of  the common bile 
duct just above the pancreaticobiliary ductal union and 
is a synonym for “stenosis of  the distal choledochus”[3],
“narrow segment distal to the common bile duct”[18], 
“narrow segment of  the terminal bile duct”[19], “narrow 
portion of  the choledochus”[20], “narrow segment of  
the common bile duct distal to choledochal cyst”[21], and 
“narrowed duct segment distal to the biliary cyst”[22]. The 
narrow portion of  the terminal choledochus was always 
located just below choledochal cysts, when cysts were 

Figure 1 Endoscopic retrograde cholangiopancreatogram in a 55-year-old woman with gallbladder cancer associated with AUPBD and cylindrical biliary dilatation (A). 
Diagram of the cholangiopancreatogram (B). The minimum diameter of the narrow portion of the terminal choledochus is 4 mm, and the maximum diameter of the upstream 
choledochus is 15 mm. AUPBD: anomalous union of the pancreatic and biliary ducts; NDS: narrow distal segment; P-B ductal union: pancreaticobiliary ductal union; narrow 
portion: narrow portion of the terminal choledochus; MPD: main pancreatic duct.

Figure 2 Endoscopic retrograde cholangiopancreatogram in a 21-year-old woman with AUPBD and cystic biliary dilatation (A). Diagram of the cholangiopancreatogram (B). 
The minimum diameter of the narrow portion of the terminal choledochus is 1.5 mm, and the maximum diameter of the upstream choledochus is 57 mm. Proximal dilatation 
of the MPD is also seen. AUPBD: anomalous union of the pancreatic and biliary ducts; NDS: narrow distal segment; P-B ductal union: pancreaticobiliary ductal union; 
narrow portion: narrow portion of the terminal choledochus; GB: gallbladder; MPD: main pancreatic duct.
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present. The minimum diameter of  the narrow portion 
of  the terminal choledochus (if  any) and the maximum 
diameter of  the upstream choledochus were measured on 
cholangiopancreatograms in each patient (Figures 1 and 2).

Biliary dilatation was defined as a diameter exceeding 
10 mm[17]. Biliary dilatation was classified as cystic, 
fusiform, or cylindrical based on its contours on cholangio-
pancreatogram[23].

Proximal dilatation of  the main pancreatic duct was 
defined as the proximal portion of  the main pancreatic 
duct with a diameter exceeding 5 mm[24,25].

Kune first demonstrated that the NDS of  the bile duct 
as visualized on cholagiopancreatography represents the 
functional region of  the sphincter of  Oddi[26-28]. The NDS 
was defined as the region lying between the upper border 
of  the “notch” of  the bile duct, sudden narrowing of  the 
choledochal lumen just above the ampulla of  Vater[29], and 
the orifice of  the ampulla of  Vater (Figures 1 and 2).

Statistical analysis
Statistics were calculated with the SPSS 9.0 J software 
package for Windows (SPSS Japan Inc., Tokyo, Japan). 
Fisher’s exact test and the Spearman's rank correlation 
were used for data analysis. P values of  <0.05 were 
accepted as statistically significant.

RESULTS
AUPBD was diagnosed in 36 patients (10%) on direct 
cholangiopancreatograms, including 27 women and 9 
men. They had concomitant pancreaticobiliary disorders, 
including congenital choledochal cyst (n = 16), gallbladder 
cancer (n = 13), benign gallbladder polyps (n = 3), chronic 
pancreatitis (n = 2), carcinoma of  the common bile duct
(n = 1), and adenomyomatosis of  the gallbladder (n = 1).

Cholangiopancreatographic features specific to AUPBD
The accuracy of  cholangiopancreatographic features for 
the detection of  AUPBD is summarized in Table 1. The 
narrow portion of  the terminal choledochus was present 
in 29 (81%) patients with AUPBD, but was not found in 
any patients without AUPBD.

Relationship between the narrow portion of the terminal 
choledochus and upstream biliary dilatation
In 36 patients with AUPBD, biliary dilatation was more 
frequent in patients with the narrow portion of  the 
terminal choledochus (23/29, 79%) than in those without 
(2/7, 28%; P = 0.018) AUPBD. Thus, the presence of  
the narrow portion of  the terminal choledochus was 
associated with upstream biliary dilatation.

 3

3

Table 1 Diagnostic accuracy of cholangiopancreatographic features for the detection of AUPBD

Narrow portion of the terminal                    81              100                                       100                                        98                      98
       choledochus (n  = 29)               
Biliary dilatation (>10 mm) (n = 25)                     69              68                            20                                        95                      68
Proximal dilatation of the main                    19              100                                  100                                        91                      92
 pancreatic duct (>5 mm) (n = 7)

Cholangiopancreatographic feature          Sensitivity(%)          Specificity(%)          Positive predictive value (%)        Negative predictive value (%)        Accuracy(%)

AUPBD: anomalous union of the pancreatic and biliary ducts.

Among the 29 patients with both AUPBD and the 
narrow portion of  the terminal choledochus, there was a 
strong negative correlation between the minimum diameter 
of  the narrow portion of  the terminal choledochus and 
the maximum diameter of  the upstream choledochus 
(r  = -0.78, P < 0.001) (Figure 3). Thus, the degree of  
biliary narrowing at the narrow portion of  the terminal 
choledochus correlated with that of  upstream biliary 
dilatation.

Also, among the 29 patients with both AUPBD and the 
narrow portion of the terminal choledochus, a strong positive 
correlation was noted between patient’s age and the 
minimum diameter of  the narrow portion of  the terminal 

Figure 4 Patient’s age was strongly correlated with the minimum diameter of the 
narrow portion of the terminal choledochus (r = 0.78, P<0.001).

Figure 3 There was a strong negative correlation between the minimum diameter 
of the narrow portion of the terminal choledochus and the maximum diameter of 
the upstream choledochus (r = -0.78, P < 0.001). 
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choledochus (r = 0.78, P < 0.001) (Figure 4), whereas there 
was a negative correlation between patient’s age and the 
maximum diameter of  the choledochus(r = -0.53, P = 0.001) 
(Figure 5). Thus, younger the patient, the more marked 
were the biliary narrowing at the narrow portion of  the 
terminal choledochus and upstream biliary dilatation.

DISCUSSION
The narrow portion of  the terminal choledochus is a 
characteristic feature of  congenital biliary dilatation[18-22]. 
The cur rent study demonstrated that i t i s a lso a 
pathognomonic feature of  AUPBD. AUPBD is often 
associated with congenital biliary dilatation[2-5]. Thus, we 
hypothesized that the narrow portion of  the terminal 
choledochus contributes to the development of  upstream 
biliary dilatation frequently seen in AUPBD patients.

Previous studies from Japan reported a prevalence 
of  AUPBD on ERCP ranging from 1.5% to 3.2%[6,10,30]. 
The extremely high prevalence of  AUPBD in our series 
(10%) may be explained by the fact that our hospital is a 
tertiary referral center and that only surgical patients were 
included in this study.

While pancreaticobiliary ductal union located above 
the sphincteric action[16,17,31], long common channel[10,30], 
and concomitant cystic biliary dilatation[2-5] have been 
advocated as characteristic radiologic findings, the 
diagnostic significance of  the narrow portion of  the 
terminal choledochus has not been emphasized. The 
current study revealed that the narrow portion is present in 
most adult patients with AUPBD and is a pathognomonic 
radiologic feature of  AUPBD. The narrow portion of  
the terminal choledochus is an important finding when 
diagnosing AUPBD by direct cholangiopancreatography.

Previous studies suggested that the narrow portion of  
the terminal choledochus may lead to the development of  
congenital biliary dilatation in pediatric patients[18,32,33]. Ito 
et al[18] reported that the length rather than the width of  the 
narrow portion of  the terminal choledochus is positively 
correlated with the degree of  upstream choledochal 
dilatation in children with congenital biliary dilatation. 

Experimental studies revealed that bile duct obstruction 
causes cystic biliary dilatation in young animals, while it 
leads to cylindrical, not cystic, biliary dilatation in adult 
animals[32,34,35], suggesting that increased intraluminal 
pressure leads to cystic dilatation of  the bile duct, only 
if  the ductal wall is immature. This may explain the fact 
that cystic biliary dilatation is more common in pediatric 
patients[6,36] and that the degree of  biliary dilatation was 
more marked in younger patients in our series. The current 
study is the first demonstration that biliary narrowing 
at the narrow portion correlates with upstream biliary 
dilatation even in adult patients with AUPBD. In summary, 
increased intraluminal pressure due to the narrow portion 
of  the terminal choledochus may cause upstream biliary 
dilatation in both pediatric and adult patients with 
AUPBD, although the form of  upstream biliary dilatation 
appears to differ between pediatric and adult patients.

Another possible cause of  biliary dilatation in patients 
with AUPBD is the reflux of  pancreatic juice into the bile 
duct. It has been reported that the refluxed pancreatic 
juice into the bile duct may lead to increased intraluminal 
pressure and dilatation of  the bile duct[1,37,38]. However, the 
strong negative correlation between the minimum diameter 
of  the narrow portion of  the terminal choledochus and 
the maximum diameter of  the upstream choledochus 
in the current study suggests that increased intraluminal 
pressure due to biliary narrowing, rather than refluxed 
pancreatic juice, may cause upstream biliary dilatation in 
patients with AUPBD.

Kusunoki e t  a l [20 ,39 ] r epor ted the presence of  
“oligoganglio-nosis” in the choledochal wall just below the 
cystic dilatation in patients with congenital choledochal 
cyst, suggesting that autonomic dysfunction at the 
“oligoganglionic” segment of  the bile duct may play a 
role in the development of  upstream biliary dilatation. 
This “oligoganglionic” segment appears to correspond 
to the narrow portion of  the terminal choledochus, as 
defined in the current study, and may functionally obstruct 
biliary passage through the segment. It is unknown, 
however, whether the “oligoganglionosis” was present in 
our patients because histologic specimens of  the narrow 
portion of  the terminal choledochus were not available in 
any of  our patients.

The limitations of  the current study include the 
fact that it was retrospective, and that 176 patients 
were excluded due to inadequate opacification of  the 
pancreaticobiliary ductal system. However, we feel that 
these limitations did not significantly influence the 
outcome of  the study because the correlations between 
variables were too marked to have resulted from chance. 
The current results are the clearest demonstration to date 
of  the causal relationship between the narrow portion of  
the terminal choledochus and upstream biliary dilatation in 
patients with AUPBD.

In conclusion, the narrow portion of  the terminal 
choledochus is a pathognomonic radiologic feature 
of  AUPBD and may be a cause of  biliary dilatation in 
patients with AUPBD.
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Figure 5 Patient’s age was negatively correlated with the maximum diameter of 
the choledochus (r = –0.53, P = 0.001). 
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Prevalence of gallstone disease in first-degree relatives of 
patients with cholelithiasis

Adolfo Francesco Attili, Adriano De Santis, Fabia Attili, Enrico Roda, Davide Festi, Nicola Carulli

Abstract
AIM: To evaluate the influence of familiality on the 
prevalence of gallstone disease (GD) in Italy.

METHODS: Families of 79 subjects with gallstones 
(cases) and of 79 subjects without gallstones (controls) 
were investigated for the presence of gallstones by 
ultrasonography. Index cases and index controls were 
matched for age, sex, and operative unit. Sixty-three and 
sixty-two husbands and wives of index cases and index 
controls, respectively, were also studied.

RESULTS: Ove ra l l , t he p reva l ence o f GD was 
significantly higher ( χ 2=14.52, P <0.001) in the 202 
first-degree relatives of subjects with gallstones than 
that in the 201 first-degree relatives of subjects without 
gallstones (28.6% vs  12.4%, relative risk (RR) 1.80, 
95% confidence interval (CI) 1.29-2.63). In particular, 
prevalence of GD was significantly higher in mothers, 
fathers, and sisters of index cases than that in the 
respective family members of index controls. The highest 
RR was observed in mothers (RR=2.35, 95%CI 1.38-4.3). 
Prevalence of GD was not obviously different in brothers 
and also in husbands and wives of index cases and index 
controls. Family members of index cases did not differ 
from family members of control cases with respect to the 
most important risk factors for gallstones (age, diabetes, 
BMI, and number of pregnancies) with an exception of a 
higher prevalence of diabetes in fathers of index controls 
than in fathers of index cases.

CONCLUSION: This study confirms that familiality plays 
a very important role in the pathogenesis of gallstones.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

INTRODUCTION
Gallstone disease (GD) is very common among the 
Western civilized countries. Nonetheless the literature 
concerning family inheritance is scarce, although 
consistent. Körner[1] collected 74 family pedigrees of  
probands with gallbladder disease and showed that 
gallstones were five times more common in families of  
affected individuals than in families of  his control group. 
Van der Linden and Lindelöf[2] investigated the presence 
of  gallstones in wives and husbands of  subjects with 
gallstones and also in siblings of  the same sex of  the wife 
or husband, demonstrating the data of  a clear 2:1 ratio in 
favor of  familial occurrence. Because familial occurrence 
does not necessarily reflect genetic factors, Van der Linden 
and Westlin[3] studied the occurrence of  GD in spouses 
who had lived together continuously and presumably 
shared the same environment, especially diet, during adult 
life. They found that women married to subjects with 
gallstones do not suffer more often from the disease than 
do other women.
   The importance of  familiality has been well identified 
also in epidemiological studies. Jorgensen[4] in Denmark 
demonstrated a relative risk (RR) of  2:1 in first degree 
relatives of  gallstone patients. The Sirmione study[5] found 
a RR of  3.3:1 in sons of  subjects with gallstones with 
respect to sons of  subjects without gallstones. Similarly, 
in Israel[6] and in India[7] too, an elevated prevalence of  
gallstones has been demonstrated in family members of  
subjects with gallstones with respect to family members 
of  subjects without gallstones. The MICOL study[8] 
demonstrated that subjects with a family history of  GD 
are at an increased risk for the presence of  gallstones in 
their gallbladder. To our knowledge, a formal family study 
for gallstones is lacking in Italy. We, therefore, aimed to 
evaluate the influence of  familiality on the prevalence of  
GD in Italy.

MATERIALS AND METHODS

Key words: Gallstones; Familiality

Attili AF, De Santis A, Attili F, Roda E, Festi D, Carulli N. 
Prevalence of gallstone disease in first-degree relatives 
of patients with cholelithiasis. World J Gastroenterol 
2005;11(41): 6508-6511
http://www.wjgnet.com/1007-9327/11/6508.asp



Attili A F et al. Familial occurrence of gallstones in Italy                 6509

This study was performed in 16 operative units (5 in the 
north, 5 in the center and 6 in the south of  Italy). Each 
operative unit was equipped with an ultrasonographic 
apparatus of  similar characteristics (i.e., equipped with a 
3.5-MHz linear transducer) and was instructed to follow 
an identical protocol (all the subjects were examined in the 
supine and left decubitus position).
   Seventy-nine families of  cases and 79 families of  
controls were enrolled in the study. All subjects with 
gallstones consecutively observed by the medical staff  of  
the operative units were included as cases (case subjects), if  
at least one parent and a sibling were living and gave their 
consent to participate in the study. For each case subject, 
a control subject matching the sex and age (±3 years) was
selected among those who attended the outpatient 
echographic services of  the single operative unit and did 
not show any presence of  gallstones or were previously 
submitted to cholecystectomy. Cases and controls were 
matched not only for age and sex, but they did not 
differ also for the other most important risk factors for 
gallstones: BMI, number of  pregnancies (for females) 
and prevalence of  diabetes (Table 1). Families without 
a matching family within the same operative unit were 
excluded from the calculations.

   All the available first degree relatives of  cases were 
invited to participate in the study. Husbands and spouses 
were also studied, when available. Participations among 
living first degree relatives of  cases and controls were 
82% and 80%, respectively; among living spouses and 
husbands of  cases and controls were 88% and 89%, 
respectively. A precoded questionnaire regarding personal, 

physiological and pathological history, dietary habits and 
number of  pregnancies (females) was administered by a 
member of  the medical staff  to all the family members. 
Each family subject was also submitted to anthropometric 
measurements (weight and height) and ultrasonographic 
examination of  the biliary tract. BMI was calculated by 
dividing the weight (kg) by the square of  height (m).
    Subjects were considered as having GD, if  they showed 
presence of  gallstones in their gallbladder or had already 
been submitted to cholecystectomy.

Statistical analysis
All statistical analyses were carried out with the NCSS 
statistical software program, 329 North 1000 East 
Kaysville, UT 84037, USA. The Student’s t-test and the 
χ2 test were used when appropriate. A P value less than 
0.05 was considered statistically significant. We computed 
Mantel-Haenszel estimates of  RR with 95% confidence 
intervals (CI).

RESULTS
Overall, prevalence of  GD was significantly higher 
(χ2=14.52, P<0.001) in the 202 first-degree relatives of  
subjects with gallstones than that in the 201 first-degree 
relatives of  subjects without gallstones (28.6% vs 12.4%, 
RR 1.80, 95%CI 1.29-2.63)(Table 1).
   In particular, 13 of  the 31 (41.9%) fathers of  the index 
cases and 6 of  the 34 fathers of  the index controls had 
GD. The difference was significant according the χ2 test 
although the lower limit of  the 95%CI of  the RR was 
below 1 (Table 2). Fathers of  cases and controls did not 
differ for age and BMI, but fathers of  controls had a 
significantly higher prevalence of  diabetes (Table 2).
    Prevalence of  GD was significantly higher among the 51 
mothers of  index cases as compared to the 51 mothers of  
index controls (56.9% vs 21.6%, RR 2.35 95%CI 1.38-4.3, 
Table 2). Mothers of  cases did not differ from mothers 
of  controls as far as the most important risk factors for 
gallstones were concerned, i.e. age, BMI, prevalence of  
diabetes, and number of  pregnancies.
   Brothers of  cases and brothers of  controls (Table 3) 
showed similar prevalences of  GD and similar levels of  
risk factors for gallstones, i.e. age, BMI, and prevalence 
of  diabetes. Among the sisters, prevalence of  GD 

aP<0.05 vs controls (χ 2 = 4.15); cP<0.05 vs controls (χ 2 = 4.66; RR = 1.75 (0.98-2.6 95% CI); bP<0.001 vs controls (χ 2 = 13.32; RR = 2.35 (1.38-4.3 95% CI).

Table 1 Levels of the most important risk factors for gallstones in 
cases with or without gallstones

Male/female (n)          30/49              30/49                    NS

Age (yr); mean (CI)     48.6 (45.8–51.4)           48.5 (45.7–51.4)            NS

BMI; mean (CI)     25.5 (24,9–26.4)           25.7 (24.7–26.7)            NS

Number of pregnancies      1.71 (1.29–2.13)  1.47 (1.04–1.89)            NS

(females); mean (CI)

Cases                          Controls                   P
n = 79                            n = 79

Table 2 Prevalence of GD and levels of the most important risk factors for gallstones in fathers and mothers of subjects with or without 
gallstones

Age (yr); mean (CI)                           70.0 (66.7-73.4)                        70.9 (67.6-74.2)                 72.4 (69.2-75.5)         71.8 (71.8-74.8)

BMI; mean (CI)                           25.7 (24.4-27.0)                        27.5 (26.3-28.6)                 26.3 (25.1-27.6)         26.3 (25.4-27.3)

Diabetes (%)                           3.4a                                             20.6                                      20.0                              21.2

Number. of pregnancies; mean (CI)       -                                             -                                                     2.9 (2.4-3.4)                              2.9 (2.5-3.4)

GD (%)                                               41.9c                                             17.6                                      56.9b                              21.6

Fathers of                                                       Mothers of
Cases                                                Controls             Cases              Controls
n = 31                                       n = 34                  n = 51             n = 51
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was significantly higher among the sisters of  index 
cases as compared to the sisters of  controls (25.6% vs 
9.1%; χ2= 4.04, P < 0.05), but the lower limit of  the RR 
confidence interval was below 1 [RR = 2.03 (0.94-6.22 
95%CI)]. The sisters of  cases and sisters of  controls did 
not differ in age, BMI, prevalence of  diabetes, and number 
of  pregnancies.
     None of  the sons of  the cases and controls had GD.
    No significant difference was observed in prevalence 
of  GD among husbands and spouses of  the index cases 
and controls (Table 4). Husbands and wives of  index cases 
or controls also did not differ for the most important risk 
factors for gallstones (Table 4).

DISCUSSION
This study confirms that genetic factors play a very 
important role in the pathogenesis of  GD. Overall, the 
prevalence of  GD was significantly higher in the first-
degree relatives of  subjects with gallstones than in those of  
subjects without gallstones. The highest relative risks were 
found in female family members (mothers and sisters). 
This finding might be explained by the fact that GD is 
inherited as a sex-linked dominant trait. One might argue 
that an increased familial prevalence of  gallstones might 
not necessarily involve a genetic defect, but rather reflects 
a common environmental risk factor. However, our results 
regarding the prevalence of  GD in husbands and wives 
of  index cases and index controls were in agreement with 
previous data by Van Der Linden and Westlin[3] and Leoci 

Table 3 Prevalence of GD and levels of the most important risk factors for gallstones in brothers and sisters of subjects with or without 
gallstones

Brothers of                                                                                            Sisters of

  Cases         Controls                       Cases               Controls
  n = 50           n = 47                   n = 39               n = 44

Age (yr); mean (CI)         48.5 (45.4-51.6)                    44.9 (41.4-48.3)               43.9 (39.0-48.8)                         48.9 (44.9-52.8)

BMI ; mean (CI)         25.6 (24.6-26.5)                    25.5 (24.4-26.6)               24.8 (23.4-26.1)                         25.8 (24.5-27.1)

Diabetes (%)                            5.9                                         0                                      2.7                         11.4

No. of pregnancies; mean (CI)        -                      -                                                          1.3 (0.9-1.7)        1.5 (1.0-1.9)

GD (%)                                                 10.0                                         8.5                                    25.6a        9.1

aP<0.05 vs controls (χ 2 = 4.04; RR = 2.03 [0.94-6.22 95%CI])

et al[9]. On the other hand, family members of  index cases 
and control cases had similar levels of  the most important 
risk factors for GD. These results support the hypothesis 
that the differences in GD prevalences were due to genetic 
rather than to environmental factors.
   The results of  our study further confirmed that a 
positive family history of  GD might be included among 
the variables that can be used in order to select populations 
with a higher prevalence of  gallstones than that predicted 
simply on the basis of  age and sex. Using a similar 
approach[10], we were able to demonstrate that selection of  
subjects with multiple factors associated with gallstones 
increases the a priori probability of  gallstone diagnosis by 
a factor 2 in females and 3 in males.
    Some studies have identified genes (Lith1 on Chr 2, 
Lith 2 on Chr 19, Lith 3 on Chr 17) that are resporsible 
for increased gallstone formation in mice[11-18]. Although 
there is no evidence yet, that any of  the Lith genes in 
the mouse is important in human gallstone susceptibility, 
some are likely to be and an era of  “pre-gallstone disease” 
identification and possibly prevention seems open.
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Abstract
AIM: To study the in vitro  and in vivo  inhibitory 
effects of genistein on invasive potential of Bel 7402 
hepatocellular carcinoma (HCC) cells and to explore the 
underlying mechanism.

METHODS: Bel 7402 HCC cel ls were exposed to 
genistein. The invasive activity of tumor cells was 
assayed in transwell cell culture chamber. p125FAK 
expression and cell cycle were evaluated by a functional 
assay. Cell apoptosis analysis was performed with TUNEL 
method. In addition, bilateral subrenal capsule xenograft 
transplantation of HCC was performed in 10 nude mice. 
Genistein was injected and the invasion of HCC into 
the renal parenchyma was observed. Microvessels with 
immunohistochemical staining were detected.

RESULTS: Genistein significantly inhibited the growth of 
Bel 7402 cells, the inhibitory rate of tumor cells was 26
–42%. The invasive potential of Bel 7402 cells in vitro 
was significantly inhibited, the inhibitory rate was 11–
28%. Genistein caused G2/M cell cycle arrest, S phase 
decreased significantly. The occurrence of apoptosis in 
genistein group increased significantly. The expression 
of p125FAK in 5 μg/mL genistein group (15.26±0.16%) 
and 10 μg/mL genistein group (12.89±0.36%) was 
significantly lower than that in the control group (19.75±
1.12%, P<0.05). Tumor growth in genistein-treated nude 
mice was significantly retarded in comparison to control 
mice, the inhibitory rate of tumor growth was about 
20%. Genistein also significantly inhibited the invasion of 
Bel 7402 cells into the renal parenchyma of nude mice 

with xenograft transplant. The positive unit value of 
microvessels in genistein-treated group (10.422 ± 0.807) 
was significantly lower than that in control group 
(22.330 ± 5.696, P < 0.01).

CONCLUSION: Genistein can effectively inhibit the 
invasive potential of Bel 7402 HCC cells by altering 
cell cycle, apoptosis and angiogenesis, inhibition of 
focal adhesion kinase may play a significant role in this 
process.

© 2005 The WJG  Press and  Elsevier  Inc.  All rights  reserved.
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INTRODUCTION
Genistein (5,7,4’-trihydroxyisoflavone), an isoflavinoid in 
soy beans, has been identified as a potential cause for the 
low incidence of  certain types of  tumor such as breast 
cancer, gastric cancer, colon cancer, prostate cancer, etc.[1-4]. As a 
natural tyrosine kinase inhibitor[5-7], genistein can suppress 
the formation and development of  these tumors [8-11]. 
However, only limited data are available to demonstrate 
the effects of  genistein on human HCC. The purpose 
of  this study was to investigate the invasive potential 
and apoptotic effects of  genistein in vitro and in vivo on 
HCC cells and to gain insights regarding the underlying 
mechanism mediating the effects of  genistein.

MATERIALS AND METHODS
Cell culture and genistein
The human HCC cell line, Bel 7402, was obtained from 
Cancer Institute of  Sun Yat-Sen University in Guangzhou. 
The cel ls were maintained in RPMI 1640 medium 
supplemented with 10% fetal bovine serum (FBS), 
penicillin (100 U/mL), and streptomycin (100 μg/mL) and 
cultured at 37 °C in a humidified atmosphere containing 
50 mL/L CO2 in air. Genistein purchased from Sigma 



Chemical Co. was suspended in dimethylsulfoxide (DMSO) 
for the experiments.

In vitro assays of Bel 7402 cell growth and viability
The cells were seeded at the density of  1×104 cells with 1mL
of  medium/well onto 24 plates and incubated with or 
without genistein for 6 d. On the indicated day thereafter, 
cells were trypsinized and the number of  cells was scored. 
An equivalent volume of  DMSO was added to control 
cultures.

Cel l viabi l i ty was assayed using methyl thiazol 
tetrazolium (MTT) method. A 96-well plate was incubated 
with exponentially growing cells at the density of                
1×104/well, following incubation of  Bel 7402 cells with 
or without genistein in different columns of  96-well 
microtiter plates on d 1, 3, 5, and 7, MTT was added to 
each well and incubated at 37 °C for further 4 h before 
595 nm absorbance (A595nm) was detected. Each assay was 
performed in quadruplicate.

Inhibitory rate of  tumor cell growth = (average A595 nm 
value of  control group-average A595 nm value of  genistein 
group)/average A595 nm value of  control group[12].

In vitro assays of Bel 7402 cell adhesion and invasion
Ninety-six-well microtiter plates were precoated with
20 mg/L fibronectin and incubated at 4 °C overnight. 
Wells were blocked with 2% BSA for 45 min at 37 °C. The 
cells were cultured in 2% serum-containing medium for 
24 h, harvested at about 70% confluency, resuspended in 
serum-free RPMI 1640 medium supplemented with 0.1% 
BSA and distributed to wells (8×104/well). The cells were 
incubated at 37 °C in a 50 mL/L CO2 atmosphere for 20, 
40, 60, and 90 min with or without genistein. The wells 
were washed thrice with PBS to remove unattached cells, 
then the attached cells were incubated with MTT and 
the absorbance was measured at 595 nm. Each assay was 
performed in triplicate.

Adhesion rate  =  average A595 nm value of  genistein 
group/average A595 nm value of  control group×100%.

Inhibitory rate of  adhesion = (average A595 nm value of  
control group-average A595 nm value of  genistein group)/
average A595 nm value of  control group×100%.

The invasive activity of  Bel 7402 cells was assayed in 
transwell cell chambers (Corning Inc., USA), according 
to the method reported by Kido et al[13]. The basement 
membrane Matrigel was obtained from the Department 
of  Cell Biology, Peking University Health Science Center. 
Polyvinylpyrrolidone-free polycarbonate filters with an 
8.0-μm pore size were precoated with 5 μg of  fibronectin 
in a volume of  50 μL on the lower surface. The Matrigel 
was diluted to 100 μg/mL with cold PBS and applied to 
the upper surface of  the filters (5 μg/filter), and dried 
overnight under a hood at room temperature. The coated 
filters were washed extensively in PBS, and then dried 
immediately before use. Log-phase cell cultures of  Bel 
7402 cells were harvested and washed thrice with serum-
free RPMI 1640, and resuspended to a final concentration 
of  2×106/mL in RPMI 1640 with 0.1% BSA. Cell 
suspensions (100 μL) with or without genistein were added 

to the upper compartment and incubated for 10-20 h at
37°C in a 50 mL/L CO2 atmosphere. The filters were fixed 
with methanol and stained with Giemsa. The cells on the 
upper surface of  the filters were removed by wiping with 
cotton swabs. The cells invading the lower surface of  the 
filter through Matrigel and filter were manually counted 
under a microscope at a magnification of  ×400, and each 
assay was performed in triplicate.

Invasion rate = average cell numbers invading the 
lower surface of  the filter in genistein group/average cell 
numbers invading the lower surface of  the filter in control 
group×100%.

Inhibitory rate of  invasion=(average cell numbers 
invading the lower surface of  the filter in control group-
average cell numbers invading the lower surface of  the 
filter in genistein group)/average cell numbers invading 
the lower surface of  the filter in control group×100%.

Cell cycle analysis
Bel 7402 cells were seeded at the density of  5×105/well 
in six-dishes. After 24 h, the cells were treated with or 
without genistein for 72 h and harvested by trypsinization. 
The cells were then centrifuged at 300 r/min for 10 min, 
washed in PBS, and resuspended in cold 70% ethanol. 
The cells were then subjected to flow cytometric analysis 
on a FACScan cytofluorimeter (Becton Dickinson) after 
propidium iodide labeling.

Detection of focal adhesion kinase expression by flow 
cytometry assay
On d 3 of  cell culture, control and genistein-treated Bel 
7402 cells were centrifuged at 300 r/min for 10 min,
washed and fixed in 1 mL 70% ethanol at 4 °C, treated 
wi th 0 .1% Tr i ton X-100 and 1% FBS, and ant i -
focal adhesion kinase (FAK C-20 sc-558, Santa Cruz 
Biotechnology, Inc., USA) and IgG1 (1∶100) were added. 
Cells were then treated with RNAse (1 mg/mL, Sigma, 
USA) and propidium iodide (10 μg/mL) for 30 min at 
room temperature. FAK expression was measured using a 
FACScan cytofluorimeter (Becton Dickinson).

Terminal deoxynucleotidyl transferase-mediated dUTP 
nick end-labeling (TUNEL) assay
Control cells and genistein-treated cells were harvested 
at 72 h by trypsinization and collected by centrifugation. 
Cells were washed twice in PBS-0.1% bovine serum 
albumin and prepared for TUNEL assay. Cells were fixed 
for 30 min in 4% paraformaldehyde, washed twice in 
PBS, and then permeabilized in 0.1% Triton-X 100 and 
0.1% sodium citrate. Cells were labeled with terminal 
deoxynucleotidyl transferase for 60 min at 37 °C in a dark 
humidified incubator. The samples were washed twice, 
resuspended in 500 μL of  PBS, and then analyzed on a 
FACScan cytofluorimeter (Becton Dickinson).

In vivo experiments
Six-week-old male BALB/C nu/nu mice were obtained 
from the Medical Laboratory Animal Center, Sun Yat-Sen 
University, China. They were kept under sterile conditions 
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was 26.71%  ± 10.2% and 42.64 ± 16.1%, respectively. The 
inhibitory rate of  tumor cell growth in 10 μg/mL genistein 
group was significantly higher than that in 5 μg/mL 
genistein group (P<0.01). The dose-dependent effects of  
genistein on Bel 7402 cell growth are presented in Figure 1.

                                         
Figure 1 Effects of genistein on Bel 7402 cell proliferation In vitro effects of 
genistein on adhesion and invasion of Bel 7402 cells.

The adhesion rate of  Bel 7402 cells for 20, 40, 60, and 
90 min was 30.61%, 56.48%, 61.89% and 81.55% in 5 
μg/mL genistein group, and 17.78%, 15.82%, 42.98% and 
64.48% in 10 μg/mL genistein group. The inhibitory rate 
of  Bel 7402 cells for 20, 40, 60, and 90 min was 69.39%, 
43.52%, 38.11%, and 18.45% in 5 μg/mL genistein group, 
and 82.22%, 84.18%, 57.02%, and 35.52% in 10 μg/mL 
genistein group. Our results showed that genistein could 
inhibit tumor cell adhesion to fibronectin-coated substrates 
in a concentration-dependent fashion, and more potent 
inhibitory effect of  genistein on adhesion occurred within 
40 min.

We also investigated the capability of  metastatic tumor 
cells through reconstituted basement membrane Matrigel. 
The cells invading the lower surface of  the filter through 
Matrigel in control group, 5 μg/mL genistein group, and 
10 μg/mL genistein group were 243.7±12.6/filed, 216.7±
21.3/filed, and 174.5±9.6/filed, respectively. The invasion 
rate in 5 and 10 μg/mL genistein group was 88% and 71%, 
respectively, the inhibitory rate of  invasion was 11% and 
28%, respectively. Our results showed that genistein could 
inhibit the in vitro invasion of  Bel 7402 cells, the inhibitory 
effect on invasion of  Bel 7402 cells in 10 μg/mL genistein 
group was more significant than that in 5 μg/mL genistein 
group (P<0.05).

In vitro effects of genistein on cell cycle progression 
Bel 7402 cells treated with genistein in the G0/G1 and 
G2/M phases increased significantly than cells in control 
group, the increase of  cells in G0/G1 and G2/M phases 
was more remarkable in 10 μg/mL genistein group 
than in 5 μg/mL genistein group (P<0.05). S fractions 
decreased significantly in cells treated with genistein 
(P<0.05). Percentage of  apoptotic cells in genistein-treated 

in autoclaved cages with filter bonnets in laminar flow 
units and fed with sterilized MF pellets and distilled water. 
The mice were maintained in accordance with institutional 
accredited guidelines.

Bel 7402 cells were grown to 80-90% of  confluence 
and detached with 0.25% trypsin. The cells were washed 
twice, counted, and resuspended in PBS at 1×107/mL 
(viability over 95%). Cells (0.3 mL) were injected into the 
male nude mice. Each animal received two injections, one 
on each side of  the neck. Animals were killed 3 wk after 
tumor inoculation, when the largest tumors reached about 
10 mm in diameter. Surgical excision of  primary tumor was 
carried out, and tumor tissues were cut into 1-mm3 pieces 
for bilateral subrenal capsule xenograft transplantation 
in next 10 nude mice anesthetized with chloral hydrate. 
The xenograft volume was assessed and calculated by the 
formula: length×width×depth×0.5236.

Mice bearing subrenal capsule xenograft transplant were 
randomly selected for the treatment with genistein (n  =  5) 
and those without genistein treatment served as control 
(n  =  5). Genistein (50 mg/kg) was administered ip daily 
to each mouse in genistein group for 15 d, while control 
animals were given the same vehicle. The animals were 
killed by cervical dislocation 16 d after transplantation of  
the tissues. Autopsies were performed and the kidney was 
excised, fixed, and embedded in paraffin, and examined 
histologically. The inhibitory rate of  transplant growth 
was calculated by comparing the changes in xenograft 
transplant volume[15,16]. The criteria for invasive capacity of  
tumor cells in subrenal capsule xenograft transplant were 
as previously described[14,16,17].

Immunohistochemical determination of angiogenesis
After deparaffinization, dehydration, and washing, sections 
from xenograft transplant were incubated with trypsin at 
37 °C for 30 min, quenched with 0.3% H2O2-methanol 
for 30 min, and blocked with 10% normal goat serum in a 
buffer containing 100 mL of  PBS, 1.0 g of  BSA, and 0.1 
mL of  Tween-20. The sections were treated with a rabbit 
polyclonal antibody against human factor VIII-related 
antigen at a 1∶100 dilution with the PBS-BSA-Tween-20 
buffer, followed by a biotinylated universal antibody at 
a 1∶100 dilution. The sections were then treated with 
avidin-biotin complex followed by 3,3-diaminobenzidine 
as a substrate for staining. Positive unit (PU) of  the 
microvessels with staining was tested and calculated 
according to the method described by Shen[17].

Statistical analysis
The statistical significance of  difference between the 
groups was determined by applying the one-way ANOVA 
and χ2 using the Stata 6.0 program.

RESULTS
In vitro effects of genistein on Bel 7402 cell growth
Genistein significantly inhibited Bel 7402 cell growth 
over the 7 d of  experiment. The inhibitory rate of  
tumor cell growth in 5 and 10 μg/mL genistein groups 
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group increased significantly compared to that in control 
group (P<0.05). The results of  cell cycle analysis by flow 
cytometry in Bel 7402 cells are presented in Table 1.

                                    Cell cycle phase          

Treatment                                                                                            Apoptosis (%) 
                                            G0/G1 (%)      G2/M (%)      S (%) 

Control                     64.58 ± 8.46         0.78 ± 0.02      34.64 ± 1.36       0.47 ± 0.01

Genistein 5 μg/mL 71.74 ± 4.46         2.75 ± 0.03b     25.50 ± 2.28b     1.02 ± 0.06a

Genistein 10 μg/mL 75.27 ± 6.12ac             6.37 ± 0.08d    18.36 ± 1.53b     2.12 ± 0.12b

aP < 0.05 vs control; bP < 0.01 vs control; cP < 0.05 vs 5 μg/mL genistein; dP < 0.01 
vs control and 5 μg/mL genistein.

Effects of genistein on induction of apoptosis of Bel 7402 
cells
TUNEL assay in our studies showed that the percentage 
of  cells undergoing apoptosis was significantly higher in 
10 μg/mL genistein group (1.05 ± 0.09%) and 5 μg/mL 
genistein group (0.80 ± 0.12%) than in control group 
(0.43 ± 0.08%, P < 0.01 and P < 0.05, respectively) being 
consistent with genistein’s ability to induce apoptosis 
observed in cell cycle analysis.

Evaluation of expression of p125FAK protein
We investigated whether genistein could modulate 
protein expression of  the signal transduction molecule-
p125FAK. After 72-h treatment with genistein, p125FAK 
expression in 10 μg/mL genistein group (12.89 ± 0.36)% 
was significantly lower than that in control group 
(19.75% ± 1.12%, P < 0.05). p125FAK expression in 5 μg/
mL genistein group (15.26 ± 0.16)% also decreased, but 
there was no statistically significant difference between 5 
μg/mL genistein group and control group (P > 0.05).

Effects of genistein on growth of subrenal capsule 
xenograft transplant
The anti-tumor activity of  genistein was evaluated in 
nude mice bearing subrenal capsule xenograft transplant. 
Treatment with genistein inhibited the local tumor growth 
significantly compared to the control group. At the end 
of  the treatment (15 d post implantation), the increase 
of  tumor volume in genistein group (63.32±8.96 mm3) 
was significantly less than that in control group (79.25±
6.85 mm3, P<0.05). Tumors in mice treated with genistein 
reduced in volume by 20% compared to the control group.

Effects of genistein on in vivo tumor invasion
The criteria for invasive capacity of  tumor cells in 
subrenal capsule xenograft transplant were as previously 
described[17]. The 0-IV invasion rank to renal parenchyma 
was recorded[14,16]. In the control group, invasion rank 0 
was observed in 1 of  10 mice (1/10), invasion rank I in 8 
of  10 mice (8/10), and invasion rank II in 1 of  10 mice 
(1/10). In genistein-treated group, invasion rank 0 was 

observed in 8/10, rank I in 2/10 and rank II in 0/10 mice. 
No rank III or rank IV invasion was observed in both 
groups. Our results showed that treatment with genistein 
could significantly inhibit the invasion of  Bel 7402 cells to 
the renal parenchyma (P<0.05). Hematoxylin-eosin stained 
specimens are shown in Figure 2.

Figure 2 Tumor invasion of renal parenchyma in control (A) and genistein-treated 
nude mice (B). HE, magnification ×200.

Effects of genistein on tumor angiogenesis
In untreated tumor tissues, tumor cells were arranged 
in large nests with plenty of  blood sinusoids. Whereas, 
in genistein-treated tumor tissue, tumor cells were 
characterized by small cancerous nests with scanty blood 
vessels. PU value of  microvessels in the subrenal capsule 
xenograft transplant, as a marker of  tumor angiogenesis, 
significantly decreased in genistein group (10.422±0.807) 
compared to that in control group (22.330±5.696, P<0.01). 
Immunohistochemical staining for the determination of  
angiogenesis in subrenal capsule xenograft transplant of  
the nude mice is shown in Figure 3.

Figure 3 Tumor tissue with plenty of blood vessels (A) and scanty blood vessels (B) 
in control and genistein-treated nude mice. HE, magnification ×200.

DISCUSSION
Invasion and metastasis are the most devastating aspects 
of  cancer. Advances in surgical techniques and adjuvant 
therapies have been proved to be useful in the treatment 
of  primary tumors[18]. However, invasion and metastasis 
remain a major cause of  poor prognosis and death 
in cancer patients. Reports from epidemiological and 
experimental studies indicate that genistein plays an 
important role in the prevention and inhibition of  tumors 
such as breast cancer, prostate cancer, colon cancer, 
leukemia, melanoma, etc.[19]. However, there are still a few 
reports of  studies on the correlation between genistein 
and the invasion and metastasis of  human HCC. Our data 
provide evidence that genistein can also inhibit HCC cell 
proliferation and invasion.

In this report, we haveshould for the first time that 
genistein could significantly inhibit the growth and 

A B

A B

Table 1 Effects of genistein on cell cycle progression in Bel 7402 
cell line (mean±SD)
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viability of  Bel 7402 cells. The inhibitory rate of  tumor 
cell growth was about 26%-42%. We also found that 
genistein induced cell cycle arrest in the G0/G1 and 
G2/M phases. These findings are in agreement with other 
reports[19-24]. Although the exact mechanisms of  genistein 
await further elucidation, induction of  apoptosis may be 
partly responsible[25-27]. In our studies with TUNEL assay, 
the percentage of  Bel 7402 cells undergoing apoptosis 
was significantly higher in genistein group than in control 
group, which is consistent with those found in other 
studies[28,29].

The adhesion and invasiveness of  tumor cells represent 
some important properties necessary for the formation 
of  metastases. We investigated the effect of  genistein 
on the adhesive properties of  Bel 7402 cells, and found 
that genistein could inhibit tumor cell adhesion to 
fibronectin-coated substrates, the most potent inhibitory 
effect of  genistein on adhesion occurred within 40 min, 
demonstrating that reduction in cell adhesion after the 
treatment with genistein may account for the ability of  
Bel 7402 cells to transgress normal tissue boundaries 
and disperse to the adjacent sites. The invasion assay 
both in vitro and in vivo was further performed in our 
experiments. Bel 7402 cells invading the lower surface of  
the filter through Matrigel was significantly inhibited in 
genistein-treated groups compared to control group. Our 
experiments with the subrenal capsule xenograft transplant 
of  nude mice showed that the treatment with genistein 
could significantly inhibit the invasion of  Bel 7402 cells 
to the renal parenchyma, which was correlated with the 
biological behavior in vitro.

Inhibition of  angiogenesis was observed in our studies. 
Angiogenesis is virtually absent in the healthy adult 
organism and is restricted to a few conditions including 
wound healing, placenta, endometrium, etc., representing 
the ordered and self-limited processes[30,31]. In certain 
pathological conditions, angiogenesis is dramatically 
enhanced and is no longer self-limited[30]. The most 
important manifestation of  pathological angiogenesis is 
induced by solid tumors[32]. In our immunohistochemical 
studies, tumor cells were characterized by small cancerous 
nests with scanty blood vessels in genistein-treated mice. 
The PU value of  microvessels was significantly decreased 
in genistein group compared to the control group. 
As angiogenesis is an important step in the invasion 
and metastasis process of  tumors[33,34], the changes in 
angiogenesis caused by genistein may play a crucial role in 
inhibition of  the invasiveness of  Bel 7402 cells.

FAK is a cytoplasmic tyrosine kinase that plays an 
important role in integrin-mediated signal transduction 
pathways closely related to cell adhesion, motility, and 
growth[35-39]. Upregulation of  FAK expression is associated 
with oncogenesis[40-43] and decrease in FAK is associated 
with the loss of  ability to attach, decreased migration and 
induction of  apoptosis[44-48]. We have reported that FAK is 
overexpressed in HCC, the expression of  FAK in invasive 
or metastatic HCC is significantly higher than that in non-
invasive or non-metastatic HCC[16]. Therefore, FAK seems 
to be an important pharmacologic target site[49]. In the 

present study, a significant downregulation of  p125FAK 
after genistein treatment was observed, suggesting that 
genistein may serve as a potential important anticancer 
agent for HCC progression by blocking the FAK signaling 
process, which play a crucial role in angiogenesis and 
apoptosis.
    In summary, our results provide the preliminary 
evidence that genistein is an effective chemopreventive 
agent for HCC. Further in-depth studies coupled with 
clinical trials are needed to establish the scientific basis for 
the use of  genistein in the prevention and treatment of  
HCC.
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Abstract
A I M :  To i n v e s t i g a t e t h e e f f e c t o f H p y l o r i  
eradicat ion on atrophic gastr i t is and intest inal 
metaplasia (IM).

METHODS: Two hundred and fifty-nine patients 
with atrophic gastritis in the antrum were included 
in the study, 154 patients were selected for H pylori   
eradication therapy and the remaining 105 patients 
served as untreated group. Gastroscopy and biopsies 
were performed both at the beginning and at the end of 
a 3-year follow-up study. Gastritis was graded according 
to the updated Sydney system. 

RESULTS: One hundred and seventy-nine patients 
completed the follow-up, 92 of them received H pylori 
eradication therapy and the remaining 87 H pylori -
infected patients were in the untreated group. Chronic 
gastritis, active gastritis and the grade of atrophy 
significantly decreased in H pylori eradication group 
(P<0.01). However, the grade of IM increased in H pylori 
-infected group (P<0.05). 

CONCLUSION: H pylori eradication may improve 
gastric mucosal inflammation, atrophy and prevent the 
progression of IM.

©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
H pylori-infected gastric mucosa evolves through stages 
of  chronic gastritis, glandular atrophy (GA) and intestinal 
metaplasia (IM) which is a main cause of  intestinal type of  
gastric adenocarcinoma. H pylori  infection induces gastric 
epicyte apoptosis. The index of  apoptosis and proliferation 
decrease after H pylori eradication[1,2]. H pylori eradication 
can prevent gastric cancer. Whether the precancerous 
lesions are reversed or terminated after H pylori eradication 
is crucial to evaluate this therapy for a preventive purpose. 
To investigate the histological changes in the gastric 
mucosa, we followed up chronic atrophic gastritis patients 
who received H pylori eradication therapy for 3 years.

MATERIALS AND METHODS
A total of  259 H pylori-infected patients, who were 
diagnosed as having antral atrophic gastritis (without 
organic gastropathy, e.g., ulcer, tumor, etc.) by gastroscopy 
and biopsy in our hospital during 1997 to 1999, were 
followed up in our study; 154 of  them received H pylori 
eradication therapy and the remaining 105 did not receive 
H pylori eradication therapy. Patients who failed to respond 
to H pylori eradication therapy and had uncertain H pylori 
infection were excluded. Patients who did not return for 
re-evaluation or became H pylori negative without receiving 
H pylori eradication therapy were also excluded. A total 
of  179 patients including 82 men and 97 women aged 
30-74 years (92 in the H pylori eradicated group and 87 in 
the control group) completed the 3-year follow-up study.

All the subjects underwent gastroscopy when they 
entered the study and fulfilled the 3-year follow-up; 
some patients underwent gastroscopy every year. During 
gastroscopy, 3 antral biopsy specimens (from the greater 
and lesser curvatures 2-3 cm from the pylorus) were taken. 
One antral biopsy specimen was submitted to rapid urease 
test (RUT) and the other two were cut into sections for 
histological examination.

The patients were confirmed to have H pylori infection 
only when both RUT and histological stain (modified 
Giemsa stain) produced positive results. Otherwise 
they were considered as non-H pylori-infected healthy 
volunteers. Uncertain cases that were positive in one test 
and negative in the other test should be excluded. After 
they were treated for more than 4 wk, H pylori status was 
determined by 14C-urea breath test.

Biopsy specimens were stained with H&E. A single 
pathologist, who was unaware of  the conditions of  the 
patients and assigned treatment of  biopsies, performed 
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the histological assessment. The gastritis was graded using 
the visual analog scales of  the updated Sydney system[3] as 
none (0), mild (1), moderate (2), or marked (3). Histological 
grading of  the same subject before and 3 years after the 
therapy was compared and classified as improvement, no 
improvement, or exacerbation.

To e rad i ca te H py l o r i i n fec t ion , the pa t i en t s 
received omeprazole (20 mg) or lansoprazole (30 mg), 
clarithromycin (500 mg), amoxicillin (1 g) or furazolidone 
(0.1 g), twice daily for 1 wk. During the whole follow-up 
period, two group patients received expectant treatment.

Statistical analysis
The results of  histology score were expressed as mean .
The differences between the two groups before treatment 
with respect to histological grades were calculated using 
Mann-Whitney U test. Changes in histological grading in 
H pylori eradication and control groups before and 3 years 
after the treatment were compared by Stuart-Maxwell test. 
Differences in the proportions of  histological grading with 
improvement, no improvement and exacerbation between 
two groups were made using the χ2 test. P < 0.05 was 
considered statistically significant (two-sided).
 

RESULTS
The H pylori eradicated group and control group were 
comparable in age and sex ratio (P>0.05). At entry into the 
study, the percentage of  mild and moderate GA was 75% 
in H pylori-eradiated group and 25% in control group. The 
percentage of  mild, moderate and marked GA was 77%, 
21.8% and 1.2%, respectively. IM was 51% in H pylori-
eradicated group and 58.6% in control group.

Active (AI) and chronic inflammation (CI) were found 
in both groups. Overall, the pretreatment histological 
scores were comparable in two treatment groups (Table 1).

Histological scores in paired samples before and after 
3-year treatment in two groups are shown in Table 2.

After cure of  infection, scoring of  CI, AI and GA 
decreased significantly (P  < 0.01) and that of  IM increased 
slightly with no significant difference (P  > 0.05). In control 
group, scoring of  IM increased significantly (P < 0.05), 
but that of  other pathologic changes had no statistical 
significance (P  > 0.05).

The histological changes in paired samples before 
and after 3-year treatment in H pylori-eradicated group 
and control group are shown in Figure 1. CI and AI were 
improved by 38.04% and 63.04% in H pylori-eradicated 

Table 1  Histological scores at entry of study in H pylori-eradicated 
group and control group (mean±SD)                        

                                      H pylori-eradicated group (n = 92)       Control group (n = 87)

Chronic inflammation                     1.95 ± 0.40                                   1.97 ± 0.32
Active inflammation                        1.84 ± 0.41                                   1.90 ± 0.40
Glandular atrophy                           1.25 ± 0.44                                    1.24 ± 0.46
Intestinal metaplasia                        0.64 ± 0.76                                    0.63 ± 0.57

Table 2  Histological scores at baseline and 3 yr after treatment 
(mean±SD)                        

                                  H pylori-eradicated group (n = 92)          Control group (n = 87)

             Baseline            3-yr                 Baseline                3-yr

Chronic inflammation    1.95 ± 0.40    1.56 ± 0.53b        1.97 ± 0.32         1.91 ± 0.47
Active inflammation       1.84 ± 0.41    0.39 ± 0.19d        1.90 ± 0.40         1.78 ± 0.44
Glandular atrophy          1.25 ± 0.44    0.97 ± 0.83b        1.24 ± 0.46         1.19 ± 0.82
Intestinal metaplasia      0.64 ± 0.76     0.73 ± 0.77         0.63 ± 0.57        0.83 ± 0.87a

aP < 0.05, bP < 0.01, dP < 0.001 vs baseline

group, but only by 17.24% and 21.84% in the control 
group (P  <  0.01). The GA was improved by 28.26% in 
the treatment group and 14.94% in the control group. GA 
was exacerbated by 4.35% in treatment group and 4.6% in 
control group (P  > 0.05). IM was improved by 23.91% and 
exacerbated by 31.52% in H pylori-eradicated group, and by 
20.69% and 33.33% in the control group (P  > 0.05).

DISCUSSION
H pylori is one of  the causative factors for gastric cancer. Its 
eradication may play an important role in the prevention 
of  gastric cancer. GA and IM are pre-cancerous lesions, 
but data on the effects of  anti-H pylori therapy on GA and 
IM are conflicting. Vander Hulst et al[4] reported that the 
severity of  GA and IM does not change after treatment. 
Forbes et al[5]showed that no changes in GA and IM are to 
be found after H pylori eradication treatment.

Sung et al[6] showed that IM in the gastric antrum is 
slightly improved in H pylori-eradicated patients and GA 
in the corpus is significantly improved in H pylori- infected 
patients. Ohkusa et al[7]demonstrated that 89% of  GA 
and 61% of  IM are improved. Ito et al[8] have reported a 
marked decrease in the average grade of  IM and GA after 
treatment. Correa et al[9]reported the proportions of  GA 
and IM are increased significantly in H pylori-eradicated 
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Figure 1  Percentage changes in gastric histology 3 years after treatment in H 
pylori-eradicated group and control group. bP < 0.01, dP < 0.001 vs baseline. CI: 
chronic inflammation; AI: active inflammation; GA: glandular atrophy; IM: intestinal 
metaplasia; Hp-: H pylori-eradicated group; Control: the control group.
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patients. Ruiz et al [10]showed that GA in the antrum 
improves significantly after H pylori  eradication, but no 
significant change is observed by standard visual scoring 
method.

In our study, after a 3-year follow-up the scoring of  
GA decreased significantly in H pylori-eradicated group, 
while no significant change was found in control group 
(P < 0.01). The proportion of  change in GA was higher in 
H pylori-eradicated group than in control group (28.26% vs 
14.94%), but it was not statistically significant (P > 0.05). 
Though the GA grade in our study was mild and 
moderate, the results showed that eradication of  H pylori 
was beneficial to some patients with GA in the antrum. 
Compared with GA, IM had no significant change after 
H pylori eradication. But the scoring of  IM in the control 
group demonstrated that eradication of  H pylori could 
prevent the further development of  IM.

The reasons for these discrepancies may be due to 
the difference in sample size, follow-up time, histological 
standard, quantity and location of  biopsy specimens and 
other gastric diseases. But the normal subjects or atrophic 
gastritis patients may cause deviation in statistics leading 
to different conclusions. Therefore, patients with different 
lesions (e.g., GA and IM) should be observed at different 
grades and at different times to demonstrate the possibility 
of  reversal.

Whether GA and IM could be reversed is controversial, 
since bile reflux and other bacterial infections can also 
cause GA and IM. Moreover, age and dietary structure 
influence gastric mucosa lesions. Therefore, eradication of  
H pylori cannot cure all GA and IM.

Kokkola et al[11] reported that inflammation, GA and 
IM decrease significantly in patients with severe atrophic 
gastritis, including that GA and IM can be reversed by H 
pylori eradication. Dixon[12] considered that it is impossible 
to reverse GA and IM by H pylori eradication.

Our follow-up study demonstrated that gastritis activity 
and CI severity decreased significantly in H pylori-eradicated 
group but not in control group, suggesting that H pylori 
eradication can effectively treat gastritis. If  we eradicate 
H pylori at the stage of  gastric mucosa inflammation, the 
lesions can be reserved and will not develop into GA and 
IM. Therefore, in order to prevent gastric carcinoma, 
eradication of  H pylori infection will be more beneficial, if  
the therapy is given at the early stage of  lesions, i.e. before 
the formation of  pre-cancerous lesions.

Science Editor  Wang XL    Language Editor  Elsevier HK
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Abstract
AIM: To inves t igate the re la t ionsh ip between 
infiltrating inflammatory cell and tumor angiogenesis 
in hepatocellular carcinoma (HCC) tissues and their 
clinicopathological features.

METHODS: The paraff in-embedded spec imens 
from 70 cases with HCC were stained using EliVision 
immunohistochemistry with mAbs against CD68, tryptase, 
and CD34. The counts of tumor-associated macrophage 
(TAM), mast cell (MC) and tumor microvessel (MV) were 
performed in the tissue sections.

RESULTS: The mean counts of TAM, MC, and MV in 
HCC tissues were significantly higher than those in 
pericarcinomatous liver tissues (TAM: 69.31 ± 11.58 vs  
40.23 ± 10.36; MC: 16.74 ± 5.67 vs  7.59 ± 4.18; MV: 
70.11 ± 12.45 vs  38.52 ± 11.16, P<0.01). The MV count 
in the patients with metastasis was markedly higher than 
that with non-metastasis (P  < 0.01). In addition, the MC 
count in the patients with poorly differentiated HCC was 
obviously higher than that with well differentiated HCC 
(P  < 0.01). The correlation analysis showed that the TAM 
count was significantly correlated with the count of MV 
(r ＝ 0.712, P < 0.01), and the MC count was obviously 
correlated with the MV count (r ＝ 0.336, P < 0.05).

CONCLUSION: TAM and MC might be closely related to 
the enhancement of tumor angiogenesis. The MV count 
might be associated with tumor invasion and metastasis. 
Moreover, the MC count might be associated with tumor 

differentiation and prognosis of HCC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Tumor ang iogenes i s i s one of  the fundamenta l 
requirements for tumor growth and proliferation, and 
the regulatory mechanisms of  tumor angiogenesis are 
very complicated. The tumor neovascularization and its 
controlling factors have become investigative hot points in 
current tumor studies[1-5]. Tumor infiltrating inflammatory 
cells in the microenvironment plays very important 
functions in tumor angiogenesis[6-8]. Hepatocellular 
carcinoma (HCC) is a kind of  a familiar malignant tumor 
in our country, though the treatment of  HCC has obtained 
the substantial advance, the total treatment results are still 
unsatisfactory[9-12]. Until recently, there is some lack of  
knowledge in literature regarding the relationship among 
the count of  tumor-associated macrophage (TAM), mast 
cell (MC), and microvessel (MV)_ in HCC tissues and their 
relation to the clinicopathological characteristics of  HCC. 
In this study, we applied immunohistochemical method 
to detect the count of  TAM, MC, and MV in HCC, and 
to investigate their relation to the clinicopathological 
characteristics of  HCC, so that we could understand 
the regulating function of  microenvironment in tumor 
angiogenesis. We believed that this study would offer 
some new clues for tumor angiogenesis research and 
biological therapeutic approach, such as suppressing tumor 
angiogenesis.

MATERIALS AND METHODS
Materials
Fresh surgical specimens were obtained from 70 HCC 
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patients (all specimens contained pericarcinomatous 
liver tissues) who had undergone partial hepatectomy 
during the period from January 1996 to February 2003 
in Xiangya Hospital. All specimens were fixed in 40 
g/L formaldehyde, embedded in paraffin, sliced into 
consecutive sections, and pathologically diagnosed 
explicitly. Of  70 HCC patients, 53 were males and 17 were 
females with average age of  53.4 years (range, 27-68 years). 
The size of  tumors was less than 5 cm in 25 cases, 5.1-10 
cm in 29 cases and larger than 10 cm in 16 cases. Among 
all cases, 19 cases contained several tumor tubercles in liver 
tissues. None of  the patients received any preoperative 
treatment, such as radiotherapy and chemotherapy. The 
HCC tissues were graded according to the Edmondson 
standard. Of  them, 11 cases had grade I, 31 cases grade 
II, 23 cases grade III, and 5 cases grade IV tumors. All 
the pericarcinomatous liver tissues had liver fibrosis with 
cirrhosis of  different degrees and 22 pericarcinomatous 
liver tissues had dysplasia. The antibodies against CD68, 
trypsin of  MC and CD34, and “two step” EliVisions 
reagent box were all obtained from Maixin Biochemical 
Development Company of  Fuzhou.

Immunohistochemical staining
Brief ly, after the sections were deparaffinized, the 
endogenous peroxidase was blocked by incubation with
30mL/L hydrogen peroxide for 30 min, followed by
carrying out the two-step method of  immunohistochemi-
stry according to the manufacturer’s instructions. The 
sections were incubated with the primary antibodies at 
room temperature overnight. For negative control, the 
primary antibodies were replaced with PBS.

Brown-yellow staining was observed in the cytoplasm 
of  TAM, whereas brown-yellow grains were observed 
both in the cytoplasm and nucleus of  MC. According to 
the count method of  Molin et al[13], we chose five random 
microscopic fields in each section under high power, 
counting the number of  TAM and MC in each visual 
field, respectively. In addition, in the same visual field, we 
counted the number of  MC that had the phenomenon 
of  taking-off  grains. MV and its endothelial cells showed 
brown-yellow staining. Similarly, according to the count 
method of  Weidner e t al [14], we chose five random 
microscopic fields in each section under high power, 
counting the number of  MV in each visual field.

Statistical analysis
The data were analyzed using t test and relativity analyses 
in the statistical computer software SPSS10.0. A P value 
less than 0.05 was considered statistically significant.

RESULTS
Expressional characteristics of CD68, MC, CD34
The cytoplasm of  CD68-positive cells was stained with 
brown-yellow color. We could observe in all the sections, 
that most of  the CD68-positive cells had the characteristic 
of  microphage in appearance and the TAM was primarily 
distributed in the perimeter of  tumor cells. Moreover, 

brown-yellow grains were observed in the cytoplasm 
and nucleus of  MC. In the relatively normal areas, MC 
was circular or oval with complete cell membrane, clear 
outline, abnormally dyed grains in cytoplasm and some of  
the MCs appearing to have the phenomenon of  taking-
off  grains. But in the HCC tissue and its adjacent areas, 
the number of  MC was obviously increased, the physical 
volume enlarged with a different appearance, and the 
majority of  MC appeared to have the phenomenon of  
taking-off  grains. The CD34 staining was located in the 
cytoplasm of  vascular endothelial cells. We could observe 
a single endothelial cell or a cluster of  cells in some areas 
containing partly irregular tube cavity and irregular MV 
distribution, which could mostly be seen in the perimeter 
areas of  the tumor.

Counts of TAM, MC, and MV
T h e c o u n t s  o f  T A M , M C ,  a n d M V w e r e  a l l 
obviously higher in HCC tissues compared with the 
pericarcinomatous liver tissues (P<0.01, Table 1).

Relationship between the counts of TAM, MC, and MV and 
the clinicopathological characteristics of HCC
The counts of  TAM, MC, and MV were significantly 
higher in metastatic HCC than that in non-metastatic 
HCC, and the count of  MC in low grade HCC tissues 
was markedly higher compared to high grade HCC tissues 
(P<0.05). In addition, we also discovered that MC having 
the phenomenon of  taking-off  grains was more and more 

                                   TAM                       MC                         MV
HCC tissues                         69.31± 11.58          16.74±5.67             70.11±12.45

Pericarcinomatous            40.23±10.36b                    7.59±4.18b                       38.52±11.16b

liver tissues
bP＜0.01 vs HCC tissues

Table 1 Counts of TAM, MC, and MV in HCC t issues and 
pericarcinomatous liver tissues (mean±SD)

Pathologic                n                 TAM                     MC                        MV

characteristics    

Stage of HCC

Ⅰ                       11             68.86 ± 10.23 13.68 ± 5.21          65.86 ± 12.05

II                               31             68.95 ± 9.82 17.03 ± 6.11          67.84 ± 11.54

III                              23               70.11 ± 13.16        19.95 ± 4.29a                 72.11 ± 10.84

IV                               5             69.84 ± 12.57 23.56 ± 3.86a          68.70 ± 9.53

Tumor size

 ≤5 cm                      25               69.32 ± 10.17         16.57 ± 5.56          66.56 ± 11.84

5.1–10 cm                29               71.35 ± 9.54           16.98 ± 4.81          65.84 ± 10.53

>10 cm                     16               70.83 ± 12.11         17.02 ± 6.12          73.13 ± 11.30

Metastasis             

Yes                           29              68.36 ± 12.17          16.99 ± 6.49          73.49 ± 12.32c

No                            41              69.14 ± 11.69          16.76 ± 6.88          64.39 ± 13.17
aP<0.05 vs stage I; cP<0.05 vs non-transferred.

Table 2 Relationship of the counts of TAM, MC, and MV with the 
clinicopathological characteristics of HCC (mean ± SD)
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familiar in low grade HCC tissues. However, no obvious 
relationship was found between the counts of  TAM, MC, 
and MV and the clinicopathological characteristics of  
HCC (Table 2).

Relationship of the counts of TAM and MC with the count 
of MV in HCC tissues
Using the relativity analyses of  the counts of  TAM and 
MC with the count of  MV in HCC tissues, we found 
that the TAM count and MV count in HCC tissues had a 
close and positive relationship of  high degree (r = 0.712, 
P < 0.01), and the MC count and MV count in HCC tissues 
had a close and positive relationship (r = 0.336, P < 0.05).

DISCUSSION
Tumor growth and proliferation are highly dependent on 
tumor neovascularization. Tumor angiogenesis is mediated 
by tumor-secreted angiogenic factors that interact with 
their surface receptors expressed on endothelial cells[15-19]. In 
fact, the mechanisms of  regulation of  tumor angiogenesis 
have become one of  the investigative hot points in current 
tumor studies[1-5]. Our study showed that the MV count 
was significantly higher in HCC tissues as compared with 
the pericarcinomatous liver tissues, and also higher in 
the metastatic HCC compared with the metastatic HCC, 
suggesting that tumor angiogenesis has a crucial role in the 
development and metastasis of  HCC. 
    Tumor angiogenesis is a complicated process, including 
many regulating factors[20-24]. The angiogenic response 
in the microvasculature is associated with the changes 
in cellular adhesive interactions between adjacent 
endothelial cells, pericytes and surrounding extracellular 
matrix. In addition, the infiltrating inflammatory cells in 
tumor are closely related with tumor angiogenesis. The 
infiltrating inflammatory cells in tumor, such as neutrophil, 
microphage, lymphocyte, eosinophil, MC, etc., can produce 
various cell factors and enzymes which participate in 
the growth and spread of  tumor. Microphage is a main 
composition of  the infiltrating inflammatory cells in the 
tumor and usually belongs to TAM in tumor tissues[23-28]. 
On one hand, it can produce several growth-stimulating 
and repressing factors, and albumen hydrolyze enzymes, 
such as fibroblast growth factor, vascular endothelial 
growth factor, etc. and thereby plays an important 
role in chain responding of  tumor angiogenesis. On 
the other hand, tumor cells also can produce various 
chemoattractant factors, such as monocyte chemoattractant 
proteins, macrophage colony-stimulating factor etc, which 
have an important effect on the activation and migration 
of  macrophage. These TAMs, being closely related to 
microvessel density, also have something to do with tumor 
angiogenesis, metastasis, and prognosis. In this study, we 
found that the count of  TAM was obviously higher in 
HCC tissues as compared with the pericarcinomatous liver 
tissues, suggesting that TAM plays an important role in 
the development of  HCC. In addition, the TAM count 
and the MV count in HCC tissues had a close and positive 
relationship, which suggested that TAM might promote 

tumor angiogenesis.
Several studies have shown that MCs in the local 

milieu may have something to do with the growth, 
invasion, metastasis, and neovascularization of  malignant 
tumor[29-30]. Our results showed that the MC count was 
obviously higher in HCC tissues as compared with the 
pericarcinomatous liver tissues, suggesting an important 
role of  MC in the development of  HCC. We also found 
that the MC count in the lower grade HCC tissues was 
higher than that in the higher grade HCC, which suggested 
that the high MC count might be related to the low grade 
and poor prognosis of  HCC. In addition, we observed 
that MC showing the phenomenon of  taking-off  grains 
was more and more familiar in low grade HCC tissues; 
however, its concrete relationship still needs further 
research. The counts of  MC and MV in HCC tissues had 
a close and positive relationship, which revealed that MC 
might promote HCC angiogenesis.
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Abstract
AIM: To investigate the distribution of HBV genotypes 
and the i r YMDD mutat ions in Guangx i Zhuang 
population, China, and to study the relationship between 
HBV genotypes and clinical types of HB, ALT, HBV DNA, 
HBe system as well as the curative effect of Lamivudine 
(LAM) on hepatitis B.

METHODS: A total of 156 cases were randomly chosen 
as study subjects from 317 patients with chronic 
hepatitis B (CHB). HBV genotypes were determined 
by PCR-microcosmic nucleic acid cross-ELISA. YMDD 
mutations were detected by microcosmic nucleic acid 
cross-nucleic acid quantitative determination. HBV 
DNA was detected by fluorescence ratio PCR analysis. 
LAM was given to 81 cases and its curative effect was 
observed by measuring ALT, HBV DNA load, HBeAg, and 
HBeAg/HBeAb conversion rate.

RESULTS: HBV genotypes B, C, D, and non-classified 
genotypes were found in Guangxi Zhuang population.  
accounting for 25.6%, 47.4%, 58.3%, and 16.0%, 
respectively. Seventy-four cases were CD-, CB-, BD-
mixed genotypes (47.7%). Forty-six (29.5%) cases 
had YMDD mutations. Genotype B was mostly found in 
mild and moderate CHB patients. Genotypes C, D and 
mixed genotype mostly occurred in severe CHB cases. 
Genotypes D and CD HBV-infected patients had higher 
ALT and HBV DNA than patients with other types of HBV 
infection. There was no significant difference among 
the genotypes in YMDD mutations, clinical types, ALT 
and HBV DNA level. Non-classified types geno had a 
significantly lower positive rate of HBeAg than other 

Clinical characteristics and distribution of hepatitis B virus 
genotypes in Guangxi Zhuang population          

Zhong-Min Huang, Qi-Wen Huang, Ya-Qin Qin, Chun-He Huang, Hou-Ji Qin, Yiao-Nan Zhou, Xiang Xu, Chun-Lei Lu

genotypes (χ2=12.841, P<0.05). There was no significant 
difference in ALT recovery rate, HBV DNA load, HBeAg, 
and HBeAg/HBeAb conversion rate, 48 wk after LAM 
treatment between groups of genotypes D, CD, and non-
classified type.

CONCLUSION: Genotypes B, C, and D, non-classified 
and mixed genotype of HBV are identif ied in the 
Guangxi Zhuang population. Variations in genotypes 
are associated with clinical severity and serum ALT 
levels, but not with YMDD mutation or HBV DNA load. 
Therapeutic effects of LAM on clinical parameters are not 
influenced by differences in genotypes. Further studies 
are needed to gain an in-depth understanding of the 
relationship between HBV genotypes and serum HBeAb 
and HBeAg.

© 2005 The WJG  Press and  Elsevier  Inc.  All rights  reserved.
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INTRODUCTION
Guangxi Zhuang Autonomous Region is an endemic area 
of  HBV infection. To examine the distribution of  HBV 
genotypes and their associations with clinical characteristics 
of  hepatitis B (HB) in Zhuang population, a total of  156 
cases selected randomly from chronic hepatitis B (CHB) 
317 patients without any previous antiviral treatment were 
studied, and some cases were given Lamivudine (LAM) 
treatment. The results reported are as follows.

MATERIALS AND METHODS
General data of patients
A total of  156 patients, 89 males and 67 females, aged 
15-70 years, were selected randomly from CHB 317 
patients from out-patient and in-patient departments of  
our hospital during January 2001 to June 2003. These 
patients received no previous LAM treatment or any 
antiviral treatment within a year. Their serum HBsAg, 
HBeAg or HBcAb and HBV DNA were positive. Those 
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infected with HCV, HDV, and HIV were excluded. All 
cases fulfilled the diagnostic criteria modified at the 
Tenth Viral Hepatitis Conference of  Chinese Medical 
Association[1].

Detection of HBV genotypes
HBV DNA genotypes were detected by PCR-microcosmic 
nucleic acid cross-ELISA. One hundred microliters of  
serum samples was mixed with a reaction solution in a 
0.5 mL centrifuge tube, heated to 100 °C for 15 min, 
and centrifuged at 12 000 g for 5 min. Twelve-microliter 
supernatant from the previous step was centrifuged at 
10  000  g for 10 s before being placed in a PCR reactor, 
pre-denatured at 94 °C for 2 min, amplified for 35 cycles 
(at 94 °C for 50 s, at 53 °C for 50 s, and at 72 °C for 
65 s), followed by extension at 72 °C for min  and a final 
extension at 98 °C for 10 min. The samples were chilled 
immediately in an ice-bath for 10 min. Package was pinked 
at the microcosmic openings at 37 °C for 14 min  in 
NaHCO3 solution (pH 9.6). Nonspecific conjugate at the 
microcosmic openings was sealed by seal reagent. Ninety 
microliters of  (three drops) hybridization liquid, 20 μL 
denatured output, 23 μL each nucleic pink (one kind was 
added to one opening) were added to different reaction 
openings, mixed up lightly and put into 50 °C water bath 
for 60 min, and poured completely. Then, 200 μL (eight 
drops) lotion was added at 37 °C for 3-5 min, poured 
completely and baptized once again. One hundred 
microliters of  enzyme-antibody liquid (two drops) was 
added and kept at 37 °C for 30 min, poured and dried by 
water absorber, 200 μL (eight drops) lotion was added 
and kept at room temperature for 3-5 min, baptized twice, 
then color reagents A and B (one drop) were added, 
respectively, kept at room temperature in the dark for 10 
min. Then, 2 mol/L H2SO4 solution (one drop) was added 
and the photoabsorption degree value (A) was detected at 
450 nm. HBV DNA was considered positive, if  P/N≥2.1 
and negative if  P/N<2.1. Positive result in hybridization 
indicated the virus gene

Detection of YMDD mutation
Reagent kits were provided by Biomedicine Diagnosis 
and Research Center of  Basic Medicine Department of  
the First Military Medical University. YMDD mutations 
were detected by PCR. Twenty-five specimens were 
tested in Biomedicine Diagnosis and Research Center of  
Basic Medicine Department of  the First Military Medical 
University, and the other 131 specimens were tested 
according to the manual of  the kits and results were 
evaluated by experts at the Central Laboratory of  our 
hospital.

Quantitative determination of HBV DNA
FX990 micro-fluorometer and HBV-PCR fluoroscopy 
reagent kits (detection limit is 103 copies/mL) were used 
to detect HBV DNA according to the instructions of  the 
kits and results were evaluated by experienced experts.

Detection of HBVM
HBVM was detected by ELISA. Reagent kits were 
provided by Zhongshan Bioengineering Co., Ltd, 
Guangdong, China. The function of  the l iver was 
examined by the method of  Laishi, and the normal level 
of  ALT was lower than 40 U/L

Treatment
According to the common clinical practice[2], LAM 
(10 mg/d.p.o.) was g iven to 30 pat ients wi th s ing le 
genotypes B, C, or D, and 35 patients with mixed 
genotypes CD, CB, or DB, and 16 non-classified types. 
HBV DNA and ALT were high, and HBeAg was positive 
in all cases selected. Twenty-eight cases had YMDD 
mutation. Liver function, HBVM and HBV DNA load 
were detected every 4 wk, for 48 wk.

Statistical analysis
The incidence rate of  YMDD mutations, the rate of  
various clinical types of  HB, the abnormal rate of  ALT, 
the high loading rate of  HBV DNA, and the positive rate 
of  HBeAg in different genotypes of  HBV were compared 
before and after LAM treatment by χ2 using SAS statistical 
software. P<0.05 was considered statistically significant.

RESULTS
HBV genotypes in 156 CHB patients
Genotypes in 156 selected cases included B, C, D, mixed, 
and non-classified types. Genotypes A, E, and F were 
tested but not discovered. Genotype D accounted for 
58.3% (91/156), type C 47.4% (74/156), type B 25.6% 
(40/156), and non-classified type 16.0% (25/156), mixed 
types (CD, CB, and BD) 47.4% (74/156). Single genotypes 
(B, C, or D) accounted for 36.5% (57/156, Table 1)

Patterns of           A       B      C      D      E      F   CD     CB    BD     Non-A–F
genotype 

     n           –        9      15     33     –       –    43       16     15 25

Incidence rate (%)  –       5.8    9.6   21.2    –       –   27.6    10.3    9.6 16.0

 

Relationship between different HBV genotypes and YMDD 
mutations, clinical types of CHB, ALT, and HBV DNA, and 
HBe system
Natural YMDD mutations occurred in 46 cases (29.5%). 
Genotype B had no YMDD mutation. Genotypes had a 
different incidence rate of  YMDD mutations, but there 
was no significant difference among them. Genotype B 
was seen mostly in mild and moderate CHB patients, while 
genotypes C, D and mixed types of  CD, BD occurred 
mostly in severe CHB patients. The abnormal rate of  ALT 
and the high loading rate of  HBV DNA in genotypes D, 
and CD were higher than those in other genotypes, but 
there was no significant difference. The positive rate of  
HBeAg in non-classified genotype was low, and there was 
a significant difference between non-classified and other 
genotypes (χ2 = 12.841, P<0.05, Table 2).

Table 1 Distribution of HBV genotypes in 156 cases
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Table 2 Relationship between different HBV genotypes and YMDD mutations, clinical types of CHB, ALT, and HBV DNA level, HBe system

Genotypes        n           Rate    of   YMDD                Clinical type of CHB                                                   Clinical test
                                             mutation (%)                      Mild and moderate     SevereCHB (%)                           Abnormal rate           HBV DNA  >105         HBeAg(+)/HBeAb(–) 
                                                                                                CHB (%)                                                                    of ALT (%)               copies/mL (%)

B       9         –                                  8 (88.9)  1 (11.1)                   3 (33.3)           4 (44.4)               7/2

C       15      6 (40.0)                                  4 (26.7)  11 (73.3)                   8 (53.3)           9 (60.0)              10/5

D       33      7 (21.2)                                 14 (42.4)  19 (57.6)                   23 (69.7)           22 (66.7)              23/10

CD       43      15 (34.9)                                 19 (44.2)  24 (55.8)                   32 (74.4)           30 (69.8)              28/15

CB       16      6 (37.5)                                  9 (56.3)  7 (43.7)                   9 (56.3)          10 (62.5)              12/4

BD       15      4 (26.7)                                  7 (46.7)  8 (53.3)                   8 (53.3)           9 (60.0)               9/6

Non-A–F       25      8 (32.0)                                 15 (60.0) 10 (40.0)                   12 (48.0)          10 (40.0)               8/17

χ2       2.788                                              11.272                                        9.858           7.448                                 12.841

P       >0.05                                               >0.05                                       >0.05           >0.05                                  <0.05

Observation of curative effects of LAM
ALT and HBV DNA level in all genotypes decreased 
in different degrees, 4 wk after LAM treatment. There 
was no significant difference in ALT recovery rate, HBV 
DNA level, HBeAg, and HBeAg/HBeAb conversion 
rate 48 weeks after treatment between the groups (Table 
3). Twenty-eight cases showed natural mutations of  
single mixed and non-classified genotypes. After 48 
weeks, HBV DNA level decreased in 22 cases to a level 
<103 copies/mL and ALT became normal. Rebound of  
HBV DNA level and base line of  ALT were not found. 
HBeAg became negative in 15 cases and 10 cases had 
HBeAg/HBeAb conversion 48 weeks after the treatment.

DISCUSSION
Research data indicate that HBV can be divided into 
eight genotypes[3], ranging from A to H. Genotype A 
is frequently found in northwest Europe and Africa. 
Genotypes B and C are common in Asia, while genotype 
D is prevalent in the Mediterranean and Near East. 

Genotype E is restricted to Sub-Saharan Africa, and F is 
localized in American aboriginal population. Genotype 
G has been found in France and USA, and genotypes A
–H[4] have been found in patients with HBV infection 
in San Francisco. The distribution of  HBV genotypes 
is related to immigration[5–7] and race background of  the 
carriers. In China, genotypes B and C are predominant, 
while genotypes A and D are rare. But type D has a 
high percentage in minority nationalities. In our study, 
HBV genotypes were determined in 156 Zhuang CHB 
patients by PCR-microcosmic nucleic acid cross-ELISA. 
Genotypes B–D and non-classified type were identified. 
HBV genotype D was mostly found (58.3%), followed 
by genotypes C (47.4%), and B (25.6%). Non-classified 
type (16.0%) was significantly higher than that reported 
in Taiwan[8]. The distribution of  genotypes B and C is 
consistent with most reports[9–11] in China. Type D is the 
predominant genotype in Zhuang population, which 
is different from other reports[11]. It may be related to 
the geographical and ethnic characteristics of  Zhuang 
population. There was a high rate (47.4%) of  mixed 

Table 3 Curative effect after 48 weeks of LAM treatment

Group                                 n             Recovery rate                 HBV DNA level                            HBeAg            negative                  HBeAg/HBeAb  
                                                                            of ALT (%)                      <103 copies/mL (%)            conversion rate (%)                                 conversion rate (%)

Single genotypes           30               23  (76.7)                      24   (80.0)                                       16  (53.3)                                          11  (36.7)

Mixed genotypes           35               28  (80.0)                      29   (82.9)                                       18  (51.4)                                          12  (34.3)

Non-classified genotypes           16               13  (81.3)                      14   (87.5)                                       10  (62.5)                                          6    (37.5)

χ2                                     0.168                      0.411                                          0.561                                            0.065

P                                     >0.05                      >0.05                                          >0.05                                            >0.05
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our study is in accordance with that reported by Zhang 
et al[15]. showing that wild YMDD mutant strains exist in 
HBV DNA. There were differences of  incidence rate of  
HBV YMDD wild mutant strains in HBV genotypes D, C, 
non-classified, and mixed genotypes of  CD, BC, and CB. 
Although no significant difference was found among these 
genotypes, we cannot exclude the relation between YMDD 
mutations and HBV genotypes because of  the limited 
samples in our study.
    The virus gene controls antigen expression, leading 
to different genotypes and disease spectrum after 
infection. However, the conclusions are controversial. 
It was reported that genotype A is related to chronic 
active hepatitis, genotype D is related to acute self-
limited hepatitis[18], and HBV-D is related to chronic 
symptomatic carriers[19]. All chronic HBV infections found 
in Jeju Island are genotype C[20]. But most scholars[21–23] 
found that genotype C is related to severe hepatitis or the 
aggravation of  illness. Yuen et al[24] reported that genotype 
B has a higher mortality than genotype C because of  
decompensation of  liver function. Our study showed that 
genotype A was not found in 156 CHB patients, while 
genotype D was predominant. This may be associated 
with uneven distribution of  genotypes and simple clinical 
type, or the ethnic background. Genotype B was mainly 
found in chronic mild and moderate HBV patients, while 
genotypes C and D were mainly in chronic severe HBV 
patients. They seemed to increase with the progression 
of  the illness. But there was no statistical significance. 
Studies on whether mixed genotype infection can worsen 
liver diseases are available[25–27], but the conclusion is 
controversial. In our study, mixed genotype CD and BD 
infections were mainly found in patients with chronic 
severe HBV infection, indicating that mixed genotype 
infection can lead to liver disease.
    More attention has been paid to the relationship 
between HBV genotype and HBe, ALT, and HBV DNA. 

In our study, genotypes of  CD and D had higher levels 
of  ALT and HBV DNA than other genotypes, indicating 
that different genotypes are related with the level of  ALT 
and HBV DNA. Compared to HBeAg-positive rate, there 
was a significant difference between non-classified and 
other genotypes (P<0.05), indicating that HBV genotype is 
related with HBe. Further studies are needed.
    LAM is one of  the first-line medicines for CHB 
patients[28,29]. Whether the effect of  LAM treatment is 
influenced by HBV genotype is a topic of  the researchers. 
Some studies showed that the effect of  LAM treatment 
is not influenced by HBV genotype[30–32]. In our study, 
the effect of  LAM treatment was not influenced by HBV 
genotype, suggesting that determination of  HBV genotype 
cannot predict antiviral effect before LAM treatment[30]. 
Among the 28 cases with YMDD mutations, after 48 
weeks of  LAM treatment, HBV DNA levels in 22 cases 
decreased to below 103 copies/mL, and ALT became 
normal, and HBeAg became negative in 15 cases and 
10 cases had HBeAg/HBeAb conversion, showing that 
LAM has a short-term effect in patients with YMDD 
wild mutation. This may be associated with the fact that 
wild viral strains are in the dominant side, while YMDD 
mutational strains are in the weak side and have a lower 
duplication activity and weaker pathogenicity.
    In short, there are some unique characteristics in the 
distribution of  HBV genotypes of  Guangxi Zhuang 
population. This may be related to the geographic 
location and ethnics. HBV genotypes are not correlated 
with YMDD mutation, ALT, and HBV DNA level. The 
effect of  LAM is not influenced by these factors. Further 
studies are needed to examine the relationship between 
the characteristics of  HBV genotype, the mutation of  pre-
C-zone and different genotypes, as well as the conversion 
and prognosis of  the disease.
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Correlation between CK18 gene and gastric carcinoma 
micrometastasis

Wei Xu, Ming-Wei Zhang, Jing Huang, Xin Wang, Shu-Fen Xu, Yan Li, Shu-Jie Wang

Abstract
AIM: To explore the biological behavior of gastric 
carcinoma micrometastasis (MM) with a marker of 
cytokeratin 18 (CK18) and to evaluate the clinical stage 
of gastric carcinoma and its prognosis.

METHODS: Reverse transcription-polymerase chain 
reaction (RT-PCR) was used to examine the expression 
of CK18 mRNA in 298 lymph nodes from 35 patients 
with gastric carcinoma and 20 lymph nodes from 10 
patients with chronic peptic ulcer and gastric perforation 
diagnosed by pathological examination and surgery. 
CK18 mRNA expression of peripheral blood from 54 
patients with gastric carcinoma and 10 healthy people 
were also examined.

RESULTS: Expression of CK18 mRNA was not found 
in 10 patients with benign pathological changes. 
CK18 mRNA expression in gastric carcinoma tissues 
was strongly positive. In gastric carcinoma patients, 
pathological examination revealed that 99 of 298 (33.2%) 
lymph nodes were positive, while RT-PCR showed that 
133 of 298 (44.6%) lymph nodes had expression of 
CK18 mRNA. The difference was significant (P < 0.05). 
Among the 199 negative lymph nodes identified by 
pathological examinations, 34 (17.1%) displayed positive 
expression of CK18 mRNA by RT-PCR. The positive 
expression of CK18 mRNA was associated with lymph 
node micrometastasis (LMM) of gastric carcinoma. CK18 
mRNA was negatively expressed in all 10 healthy cases 
and positively expressed in 38.9% of 54 blood specimens 
from gastric carcinoma patients. The positive rate was 
not correlated with tumor invasion of gastric carcinoma, 
but was significantly associated with TNM stage, lymph 
node metastasis (P = 0.0290, P < 0.05) and tumor 
differentiation (P = 0.2956, P<0.05). 

CONCLUSION: RT-PCR with CK18 mRNA as a molecular 
marker is highly sensitive and specific in detecting LMM 
of gastric carcinoma. It can benefit the diagnosis of MM 
and guide studies on biological behavior, clinical phase, 
and therapy as well as relapse monitoring.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION 
Gastric carcinoma ranks second in alimentary canal 
diseases and third in all tumors in China. Metastasis and 
relapse are two major reasons for the death of  patients. 
The two important metastatic pathways of  gastric 
carcinoma are lymph nodes and peripheral blood, which 
are important factors for the prognosis of  patients after 
curative surgery. This study used reverse transcription-
polymerase chain reaction (RT-PCR) to detect the 
expression of  cytokeratin 18 (ck18) mRNA and to explore 
its correlation with gastric carcinoma micrometastasis 
(MM).
 

MATERIALS AND METHODS
Patients and tissue samples
Enrolled in this study were 54 patients (24 females, 
30 males) undergone curative gastrectomy for gastric 
carcinoma at the First and Second Hospitals of  Jilin 
University between October 2001 and August 2002. The 
patients’ age ranged from 34 to 74 years (mean age of  51.2 
years). Control group I included 10 patients with peptic 
ulcer, control group II consisted of  10 healthy people.
   A total of  298 lymph nodes were obtained from 54 
patients with gastric carcinoma. Lymph nodes were divided 
into two parts: one for pathological examination and the 
other stored at -80 °C for use. 
   Five milliliters of  peripheral blood was collected from 
54 patients with gastric carcinoma. Blood specimens 
were anti-coagulated with heparin. Peripheral blood 
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mononuclear cells (PBMC) were separated from the whole 
blood by Ficoll-Hypaque density-gradient centrifugation 
and stored at -70 °C for use. Five milliliters of  peripheral 
blood was collected from negative controls.

Preparation of RNA samples and RT-PCR 
RNA was isolated from PBMC and lymph nodes with 
TRIzol reagent. Lymph nodes were collected from normal 
controls and gastric carcinoma patients in 1 mL of  TRIzol 
reagent per 100 mg of  tissue using power homogenizer. 
RNA pellet was dried and RNA dissolved in RNase-
free water was stored at -70 °C for use. RNA was used 
as a template for amplification. Oligonucleotides as 
specific primers and probes for CK18 were synthesized 
by a company (Biotechnology, Dalian, China). As a 
PCR control reaction, β-actin was also detected in each 
run. The sequences of  primers are as follows: CK18: 5’
-PCR primer AAGAAAACCCGAAGAGG, 3’-PCR 
primer CTGACTCAAGGTGCAGC; β-actin: 5’-PCR 
primer GTGGGGCGCCCCAGGCACCA, 3’-PCR primer 
CTTCCTTAATGTCACGCACGATTTC. The expected 
sizes of PCR products were 402 bp for CK18 and 540 bp 
for β-actin. Complementary (c) DNA was synthesized using 
Rous-associated virus reverse transcriptase (TAKARA 
Biomedicals).

PCR was performed following the procedure: briefly 
130 ng of  RNA was used for RT-PCR. For cDNA 
synthesis, 130 ng in 4 μL of  sample RNA solution and
2 μL of  oligo dT were heated at 70 °C for 5 min and 
cooled rapidly. After adding 1 μL of  a ribonuclease 
inhibitor (Takara, Dalian, China), 4 μL of  2.5 mmol/L 
dNTP (dATP, dCTP, dGTP, dTTP, Takara, Dalian, China) 
and 4 μL of  Rous-associated virus reverse transcriptase 
(Takara, Dalian, China), 10 μL of  5×PCR buffer, 25 μL 
of  DEPC-water, the mixture was incubated at 65 °C for 
60 min, and then at 95 °C for 5 min. The PCR mixture 
contained 25 μL of  cDNA , 7.5 μL of  10×PCR buffer, 
6μL of  25 mmol/L MgCl2 ,8 μL of  2.5 mmol/L dNTP, 50 
μL of  DEPC-water , 2 μL of  5’- and 3’-PCR primer , 0.5 
μL of  μ-actin and 1.0 μL of  thermostable Taq polymerase 
(Takara, Dalian, China). The amplification was done with 
a DNA thermal cycler (Geneam PCR System 2400). After 
denaturation at 94 °C for 4 min, the amplification was 
conducted for 35 cycles at 94 °C for 45 s, at 55 °C for 
45 s, and at 72 °C for 60 s. This was followed by a final 
extension for 1 min at 72 °C. Ten microliter aliquots of  the 
product was analyzed by electrophoresis on a 2% agarose 
gel and visualized by UV fluorescence after being stained 
with ethidium bromide.

Standard of result assessment 
The expected sizes of  PCR products were 402 bp for 
CK18 and 540 bp for β-actin. CK18 mRNA expression 
of  two DNA bands in the corresponding location was 
positive. CK18 mRNA expression of  one 540 bp band was 
negative (Figure 1). 

Statistical analysis
Data were analyzed by χ2 test using Instat software. P<0.05 

was considered statistically significant.

Classification standard for lymph node metastasis
According to the 1997 International Union Contrele 
Cancer (UICC)/American Joint Committee on Cancer 
(AJCC) pN classification, PN0: without lymph node 
metastasis, PN1: 1-6 lymph node metastases, PN2: 7-15 
lymph node metastases, PN3: >15 lymph node metastases.

RESULTS
Expressions of  CK18 mRNA in lymph nodes and 
peripheral blood are shown in Figure 1.
   Lymph node MM, correlation between CK18 mRNA 
expression in lymph nodes, peripheral blood and tissue 
differentiation, tumor stage and invasion are summarized 
in Tables 1-3.

Positive                                     99                  0                    99

Negative                  34                 165                              199

Sum                     133                165                              298

Pathological diagnosis
of lymph nodes
(carcinoma cells)

RT-PCR(CK18 mRNA)                            Sum

Positive        Negative 

8       7       6       5       4      3       2      1

2 000

1 000

750

500

250

100

B

1        2       3        4        5        6        7        8        9

2 000

1 000

750

500

250

100

A

Table 1 Lymph node MM

Figure 1 Expression of CK18 mRNA gene in lymph nodes (A) and peripheral 
blood (B). Lane 1: 2-kb DNA ladder marker; lane 2: positive gastric carcinoma 
tissue; lanes 3-6: positive peripheral blood specimens; lanes 7 and 8: negative 
lymph nodes.
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Table 2 Correlation between expression of CK18 mRNA in lymph 
nodes, peripheral blood and TNM stage

Pathologic            Lymph nodes                   Peripheral blood

parameters                       n         +        –        P             n         +         –         P

Tissue

differentiation

    Well-moderate

    Poor

Tumor invasion

Muscularis

    Serosa

Lymph        node

metastasis

    Yes

    No

TNM  stage

    I+II

    III+IV    

                             >0.05                                          <0.05

15         4      11                          29        7       22

20        10     10                          25       14      11

         <0.05                                           >0.05

11         1      10                          23        6       17

24        13     11                          31       15      16

         <0.05                                           <0.05

14         2      12                         20         3       17

21        12      9                          34        18      16

         >0.05                                           <0.05

15         4     11                          21         4       17

20        11      9              33        17      16

+: positive cases; –: negative cases.

Table 3 Correlation between expression of CK18 mRNA in lymph 
nodes, tissue differentiation and tumor invasion

Tissue differentiation                                                                                       >0.05

           Well-moderate                  31            11                       20        

           Poor                                  267          122                     145        

Tumor invasion                                                                                                <0.05

          Muscularis                         62            12                        50               
              (T1+T2)                                                                                         

          Serosa                                236          121                     115         

              (T3+T4)  

Pathologic                          CK18 mRNA    expression   of    lymph               P
parameters                          nodes   

                                  n             Positive             Negative 

DISCUSSION
Micrometastasis
MM spreads from primary tumor to distant secondary 
tumors in lymph system, blood circulat ion, bone 
marrow, liver, kidney, lung, and other organs during the 
development of  malignant neoplasm in non-hematopoietic 
system. It often has no clinical symptoms[1,2]. Gastric 
carcinoma is one of  the most common malignant 
neoplasms in China. Many patients showing lymph node 
metastasis of  gastric carcinoma experience relapse and 
eventually die after curative surgery. Even those with 
no metastasis of  gastric carcinoma ultimately die in the 
relapse of  metastasis. The essential reason is MM, that 
cannot be detected. MM has become the focus in recent 
studies on malignant neoplasm. The growth and metastasis 
of  gastric carcinoma are a complicated process with a 
variety of  gene mutations. Although most carcinoma 
cells entering into circulation are destroyed through 
mechanisms such as immunization, the residual carcinoma 
cells can disseminate through a number of  mechanisms, 
such as changes of  cell modulation, excretion of  protease, 

growth of  blood vessels, and increase of  cell dynamics[3]. 
MM of  malignant tumor is controlled by the positive and 
negative functions of  a number of  genes at molecule 
level. Successful clones of  ”correlating genes of  tumor 
metastasis” and ”restraining genes of  tumor metastasis” 
are related with tumor metastasis. Genes at molecule level 
such as c-met, ras, myc and HER-2/neu, and restraining 
genes of  tumor metastasis such as nm23, p53 and CD44 
are related to tumor metastasis[4]. Loss, mutation and 
abnormal expression of  the genes are correlated with 
invasive metastasis of  tumor. Lymph node MM is the 
main pathway of  gastric carcinoma MM. Lymph node 
MM has been considered as cancer metastasis that cannot 
be detected by traditional pathological methods[4]. MM 
foci of  lymph node could be easily ignored or missed. 
Amplifying tumor- or tissue-specific mRNA by RT-PCR 
can detect tumor cells from 106 to 107 normal cells, and 
further detect the MM foci of  lymph nodes. Patients with 
MM identified by RT-PCR are often in the developing 
stage of  the disease, and symptoms are likely to turn out 
to be negative after the therapy. Therefore, lymph node 
metastasis is not only a prognosis indicator but also an 
indicator for assessing the effectiveness of  therapy and 
monitoring early relapse[5]. Lymph node metastasis was not 
only an index of  dys-outcome, but also has curative effect 
and monitoring earlier period relapse[3]. The hematogenous 
dissemination is another pathway of  gastric carcinoma 
MM. Although the presence of  carcinoma cells in blood 
does not necessarily lead to metastasis, entry of  carcinoma 
cells into blood is the first step for the occurrence of  
tumor transfer in remote areas. Tumor cells shedding from 
pro-foci in perioperative or postoperative periods have 
spread to blood, lymph nodes, marrow or other organs 
even before pro-foci formation. However, it is difficult to 
detect metastasis in patients without clinical symptoms by 
traditional methods such as imaging and clinical pathology. 
Therefore, many researchers are dedicated in searching 
sensitive and specific methods to detect MM.

CK18 as a marker for micrometastasis
Cytokeratins (CKs) constitute the cytoskeleton of  
intermediate filament type in most epithelial cells. They 
consist of  at least 20 members, designated as CK1–
CK20 according to their molecular weights and isoelectric 
points[6,7]. Each type of  epithelial cells has a rather stable 
CK composition, termed as CK pattern, which has 
been used in the identification of  different epithelial 
tissues and their neoplasms[7]. CKs are expressed in the 
epithelial tissues, but not in the intermediate filament 
tissues (blood vessel, nerve, lymph tissues). They are 
continuously expressed in epithelial cells during malignant 
transformation and tumor formation, but not in normal 
lymph nodes, which provides the basis for applying CKs 
in diagnosing gastric carcinoma MM[8]. Molecular markers 
of  malignant tumor MM from epithelial tissues have 
been explored recently[9–11]. For example, Liu et al[9] from 
abroad used CK20 mRNA as a marker to examine large 
intestine carcinoma with RT-PCR. With CK19 mRNA as 
a marker Ueda et al[10] examined lung carcinoma with RT-
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PCR. Noguchi et al[11] examined CK19 mRNA in lymph 
nodes from 10 cases of  gastric carcinoma with RT-PCR. 
Domestic researchers have detected lymph node MM of  
gastric carcinoma by targeting CK19, CK20 with RT-PCR 
technique[12,13]. Lymph node MM of  gastric carcinoma by 
choosing CK7, CK8 with immunofluorescence stain and 
immunocyte chemical technique[1]. Different from other 
CKs, CK18 has a stricter specific distribution in epithelial 
cells and a specific expression in cells from glandular 
epithelium[14]. Therefore, if  CK18 mRNA is expressed in 
lymph nodes from gastric carcinoma patients, it indicates 
the existence of  tumor metastasis in lymph nodes; If  
CK18 mRNA is expressed in peripheral blood from 
gastric carcinoma patients, it indicates the possibility that 
metastasis has been transferred to other distant organs.

Correlation between gastric carcinoma micrometastasis 
and CK18 expression
RT-PCR was used in this study to detect CK18 mRNA. 
Results from analyzing 298 lymph nodes of  gastric 
carcinoma and 20 lymph nodes from control group I 
indicate that: (1) In contrast to the findings of  negative 
expression in all the benign pathological changes of  lymph 
nodes, CK18 mRNA showed positive expression in gastric 
carcinoma tissues, indicating that RT-PCR technique has 
a high specificity for detecting CK18 mRNA. Expression 
of  CK18 mRNA was detected in lymph nodes from 
patients with gastric carcinoma, indicating that the cancer 
is transferred. CK18 mRNA was positively expressed in 
34 of  199 lymph nodes (17.1%), showing that RT-PCR 
has a high sensitivity for detecting lymph node metastasis 
of  gastric carcinoma. As lymph node metastasis of  
gastric carcinoma directly affects the prognosis of  gastric 
carcinoma patients, lymph nodes around gastric carcinoma 
tissues should be removed. According to UICC/AJCC 
new classification of  lymph node metastasis of  gastric 
carcinoma in 1997[15], 199 lymph nodes with PN0 from 
35 patients with gastric carcinoma demonstrated by 
pathological examination in postoperative, contained 
17.1% lymph node micrometastases by RT-PCR that 
should be classified into PN1. The main risk factors for 
lymph node metastasis include the size of  primitive tumor, 
the degree of  differentiation and depth of  invasion[16]. 
Fukagawa et al [17] have found that metastasis occurs 
more often from tumescent growth tumors than from 
invasive growth tumors. The current study has revealed 
that lymph node MM is highly correlated with the depth 
of  invasion (T)[18]. It was reported that patients (PT3N0) 
without lymph node metastasis detected by routine 
pathological examination have lymph node metastasis 
(PT3N1) detected by RT-PCR[19]. Suggesting that MM 
examination should be conducted for PN0 to improve 
the accuracy of  clinical stage of  gastric carcinoma, MM 
in peripheral blood does not necessarily develop clinical 
symptoms, but it correlates with biological behavior of  
gastric carcinoma. Zhang et al[20] demonstrated that CK20 
mRNA is a marker of  gastric carcinoma MM. Chausovsky 
et al[21] used CK20 mRNA as a target gene to examine MM 
of  gastric carcinoma in peripheral blood from 116 patients 

with malignant neoplasm, and found that CK20 mRNA is 
a target gene for MM of  epithelial tumor. Majima et al[22] 
took CK19 and CK20 mRNA as target genes to examine 
MM in peripheral blood from 52 patients with gastric 
carcinoma and found that CK19 mRNA is better than 
CK20 mRNA as a marker. The current study detected the 
expression of  CK18 mRNA in peripheral blood from 54 
patients with gastric carcinoma and found that the positive 
expression was 38.9% (21/54) compared to control group 
II, suggesting that patients with gastric carcinoma develop 
MM in peripheral blood. Suppressed by the organic 
defense mechanism, carcinoma cells in peripheral blood 
are in dormant status after they disseminate into the 
organs. However, carcinoma cells can grow and reproduce 
again due to multiple factors such as aggravation of  the 
disease which eventually lead to clinical metastasis and 
relapse, thus influencing prognosis. Therefore, examination 
of  MM in peripheral blood among patients with gastric 
carcinoma is recommended. It helps to determine relevant 
assistant therapy and to evaluate prognosis.
   In conclusion, RT-PCR has a high specificity and 
sensitivity in detecting CK18 mRNA in gastric carcinoma 
patients and can be used to evaluate metastasis of  gastric 
carcinoma at the molecule level.
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Abstract
AIM: To explore the quantitative analysis of diffusion-
weighted magnetic resonance imaging (DWMRI) in 
differential diagnosis of focal hepatic lesions.

METHODS: DWMRI was performed in 149 hepatic 
lesions, including hepatocellular carcinoma (34 cases), 
hepatic metastases (37 cases), cavernous hemangioma 
(42 cases), hepatic cyst (36 cases). Apparent diffusion 
coefficient (ADC) values were evaluated using four 
different b  values in different sequences. The ratio of 
ADC values of lesion/liver in hepatocellular carcinoma 
and hepatic metastases was also calculated.

RESULTS: The mean ADC values of hepatic lesions 
were as follows: hepatocellular carcinoma (0.95 ± 0.11)×
10-3 mm2/s, hepatic metastasis (1.13 ± 0.21)×10-3 mm2/
s, cavernous hemangioma (1.86 ± 0.36)×10-3 mm2/s, 
hepatic cyst (3.14 ± 0.31)×10-3 mm2/s. The ratio of ADC 
values in lesion/liver in hepatocellular carcinoma was 0.91
± 0.11, being significantly different  from  that  in hepatic 
metastasis (1.21 ± 0.18, P  < 0.05).

CONCLUSION: ADC values and quantitative analysis 
of focal hepatic lesions are of significant values in 
differential diagnosis of focal hepatic lesions.

Key words: Diffusion-weighed magnetic resonance 
imaging; Hepatic lesion; Quantitative analysis

Sun XJ, Quan XY, Huang FH, Xu YK. Quantitative 

INTRODUCTION
Diffusion-weighted magnetic resonance imaging (DWMRI) 
is a new technique of  magnetic resonance imaging (MRI) 
at the level of  molecular movements and can reflect the 
functions and structures of  the body without trauma. It 
has been used to diagnose diseases in the central nervous 
system[1-3]. Radiologists have paid more attention to its 
values in differential diagnosis of  focal hepatic lesions[4-6].
This study was to evaluate the value of  DWMRI 
in differential diagnosis of  focal hepatic lesions by 
quantifying apparent diffusion coefficient (ADC) values.

MATERIALS AND METHODS
In this study, DWMRI was performed in 149 patients 
with focal hepatic lesions (31 women and 109 men, aged 
24-89 years, mean 52.37 years), including 34 hepatocellular 
carcinomas, 37 hepat ic metastases, 42 cavernous 
hemangiomas, 36 hepatic cysts. The diameter of  the above 
lesions was 1.1-20.5, 0.8-25.8, 0.9-8.6, and 0.8-2.7 cm, 
respectively.

The criteria for selecting the patients were as follows: 
(1) The diagnosis of  all cases of  hepatocellular carcinoma 
was confirmed by α-fetal protein, clinical data, ultrasound, 
CT or/and MR imaging, and pathology. (2) All cases of  
hepatic metastasis of  primary malignant tumors were 
surgically confirmed. (3) The diagnosis of  all the cases of  
cavernous hemangioma and hepatic cyst was confirmed 
by clinical data, ultrasound, CT or/and MR imaging, and 
follow-up observation.

DWMRI was performed by 1.5 T MR scanner with a 
body coil (Signa, Horizon LX, GE, USA). All data were 
measured in control console. All lesions were scanned with 
spin-echo (SE) T1WI and fast SE T2WI in the axial plane. 
The imaging parameters of  DWMRI with SE-echo planar 
imaging (EPI) sequence were set as follows: repetition time 
ms/echo time ms: 10 000/90; matrix: 128×128; field of  
view: 36 cm×36 cm; section thickness: 8 mm; gap: 2 mm; 
slice number: 10-15; one signal. Four different b values (b=0 
mm2/s, 100, 500, 1 000 mm2/s) and three directions were 
used, total acquisition time was 40 s.

evaluation of diffusion-weighted magnetic resonance 
imaging of focal hepatic lesions. World J Gastroenterol 
2005; 11(41): 6535-6537
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The standards of  measurement of  signal intensities 
in hepatic lesions on DWMRI were as follows: the largest 
diameter of  lesions was measured, three regions of  
interest in each lesion were marked off  and measured, the 
regions of  blood vessels and artifacts were rejected, the 
edges of  parenchyma in the lesion were measured, when 
apparent necrosis was present, and regions of  interest 
should involve parenchyma and the diameter of  it should 
be longer than 1 cm, the same area of  the section should 
be chosen for the measurement of  different sequences, 
the signal intensity of  each ROI was measured thrice and a 
mean value of  SI was acquired for ADC calculation.

ADC values were evaluated with the following formula: 
ADC=(ln[Sl+Sh])/(bh-bl), where ln is the natural logarithm, 
Sl and Sh are the signal intensities of  low b value and high b 
value, respectively.

All data were expressed as mean±SD. Statistical analysis 
was performed by t-test using SPSS software 10.0. P<0.05 
was considered statistically significant.

RESULTS
In this study, 149 focal hepatic lesions were detected by 
DWMRI, the DWMRI sensitivity was 100%. We used four 
different b values (b = 0, 100, 500, and 1 000 mm2/s). The 
higher the b values on the DWMRI (b = 1 000 mm2/s). The 
lower the b values on DWMRI (b = 100 mm2/s), the higher 
the ADC values. Thus, we measured the highest b value 
(b = 1 000 mm2/s) on DWMRI. Table 1 shows the ADC 
values in focal hepatic lesions.

The ADC values in hepatic cyst were significantly 
higher than those in hepatic hemangioma, metastasis, and 
hepatocellular carcinoma, respectively; the t-test value was 
2.329-3.237 (P < 0.01). There was a significant difference 
in ADC values of  hepatic hemangioma, hepatic metastasis, 
and hepatocellular carcinoma, respectively, with the 
t-test value being 1.139-3.467 (P < 0.05). No significant 
difference was demonstrated between hepatic metastasis 
and hepatocellular carcinoma with the t-test value being 
1.432 (Table 2).

The ratio of  ADC values of  lesion/liver between 
hepatocellular carcinoma and hepatic metastasis was 
significantly different with the t-test value being 2.328 
(Table 3).

DISCUSSION
Diffusion is known as the Brownian motion caused by 
thermal movement of  molecules, and is arbitrary and 
irregular. The effect of  molecular diffusion movement 
is weak, but it can result in MR signal missing converge, 
the attenuation degree lies on MR gradient intensity 
and amplitude of  molecular movement[7,8]. DWMRI is 
an imaging method to observe microcosmic molecular 
movemen t u s ing mac roscop i c a l f l ow ing pha se 
displacement theory. Body diffusion coefficient is affected 
by microcirculation factors[9], such as humoral flowing, 
cellular osmosis and temperature, perfusion of  capillary 
vessels, glutinous degree and proportion of  intra- and 
extra-cellular water, direction of  cellular membrane 
transition. It is also affected simultaneously by macro 
factors and circadian function, such as breath, pulsate, and 
peristalsis. In fact, apparent diffusion coefficient (ADC) 
regularly replaces the diffusion coefficient, and is always 
greater than the latter[10,11].

In theory, ADC value can be obtained by one pulsate 
sequence using two different b values. In experimental 
researches and clinical applications, ADC values are 
constantly related to the kinds and quantities of  b value in 
sequences and perfusion of  tissue[12-14]. The bigger the b 
value, the more accurately the ADC value. We measured 
the four different b values in different sequences (b=0, 100, 
500, and 1 000 mm2/s), and found that ADC values had 
higher stabilization with higher b values. The technique 
of  EPI, which has a more rapid imaging speed and higher 
section efficiency, could complete signal collection of  
single images in several milliseconds and freeze-up artifact 
of  physiological functions. Therefore, it is the commonly 
used diffusion imaging sequence[15-17]. We adopted images 
of  1 000 mm2/s as a reference to give enough attention to 
attenuation degrees of  four different lesions.

Animal experiments and clinical researches indicate 
that ADC value depends on imaging materials and 
molecular spatial distribution[18,19]. Cavernous hemangioma 
and hepat ic cyst are main ly composed of  l iqu id 
component, which has more movement freedom in the 
two lesions; ADC values are greater than those in hepatic 
parenchymatous mass. Cavernous hemangioma often 
presents fiber septation, scar, and hemorrhage, and the 
blood glutinous degree is higher than that of  hydatid fluid 
in hepatic cyst. This is why the ADC value in hepatic cyst 
is lower than that in cavernous hemangioma[20-22]. Thus, 

Hepatic lesion  ADC value (×10-3 mm2/s)

Hepatocellular carcinoma                0.95 ± 0.11

Hepatic metastases                            1.13 ± 0.21

Cavernous hemangioma                   1.86 ± 0.36

Hepatic cyst                                         3.14 ± 0.31

Hepatic lesion          Coverage       Ratio of ADC values of lesion/liver

Hepatocellular carcinoma     0.73-1.05 0.91 ± 0.11

Hepatic metastases           1.07-1.43 1.21 ± 0.18

Table 3 Ratio of ADC values of lesion/liver between hepatocellular 
carcinoma and hepatic metastasis (mean ± SD)

Hepatic lesion                      b = 100         b = 500 b = 1 000
Hepatocellular carcinoma 0.56-1.33 0.60-1.31 0.57-1.23

Hepatic metastases                      0.75-1.62 0.71-1.59 0.72-1.35

Cavernous hemangioma 1.26-2.54 1.32-2.36 1.37-2.21

Hepatic cyst                      2.70-3.85 2.73-3.71 2.78-3.51

Table 1 ADC values in focal hepatic lesions (×10–3 mm2/s)

Table 2 ADC value in focal hepatic lesions (b = 1 000 mm2/s, mean±SD)
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entity mass, cavernous hemangioma and hepatic cyst have 
significantly different ADC values. These findings are 
consistent with the results in our study.

Our results indicate that the different ADC values in 
DWMRI could differentiate hepatic cyst and cavernous 
hemangioma from other hepatic entity masses[23]. We also 
analyzed the ratio of  ADC values of  the lesion/liver. 
Statistical analysis demonstrated that ADC ratio was 
different between hepatocellular carcinoma and hepatic 
metastasis.

We believe that the ratio of  ADC value of  lesion/liver 
could differentiate hepatocellular carcinoma from hepatic 
metastasis, and provide some information for the diagnosis 
of  focal hepatic lesions that are less than 3 cm in diameter. 
This theory is based on the situation in our country that 
hepatocellular carcinoma generally results from cirrhosis, 
but hepatic metastasis is not the case[24-26]. Although the 
ADC values in hepatic metastasis foci are slightly greater 
than those in hepatocellular carcinoma foci, the ADC 
values in liver parenchyma with hepatic metastasis are 
lower than those in hepatocellular carcinoma. Patients with 
hepatic metastasis have a higher ratio of  ADC values of  
lesion/liver than those with hepatocellular carcinoma.
   In conclusion, DWMRI is a new functional MRI 
technique, and is of  great value in the differential diagnosis 
of  focal hepatic lesions.
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Abstract
AIM: To investigate the effects of 8-Br-cAMP on 
differentiation and apoptosis of human esophageal 
cancer ce l l l ine Eca-109, and the re lated gene 
expression. 

METHODS: The cultured Eca-109 cells were divided 
into four groups: E1 group (co-cultured with 8-Br-cAMP 
for 24 h); E2 group (co-cultured with 8-Br-cAMP for 48 
h); C1 group (treated without 8-Br-cAMP for 24 h); and 
C2 group (treated without 8-Br-cAMP for 48 h). The 
same concentration of cell suspension of each group was 
dropped separately onto the slides and nitrocellulose 
membranes (NCM). The biotin-labeled cDNA probes 
for c-myc, wild-type (wt) p53, bcl-2 and iNOS were 
prepared for in situ hybridization. The expressions 
of epidermal growth factor receptor (EGFR), p38 
kinase, FAS, FasL and caspase-3 were detected using 
immunocytochemistry, and the NOS activity and the ratio 
of differentiated cells/proliferating cells were examined 
by cytochemistry. Immunocytochemistry, cytochemistry, 
and in situ  hybridization were separately carried out 
on both slides and NCM specimens for each group. In 
addition, TUNEL was used to detect the cell apoptosis 
rate in each group.

RESULTS: The apoptot ic rate of E2 group was 
significantly higher compared to E1 group, while there 
was no difference in the ratio of differentiated cells/
proliferating cells between E1 and E2 groups. The signals 
of wt p53 and iNOS were markedly stronger, while the 
signals of c-myc and EGFR were obviously weaker in E1 
group than those in C1 group (P<0.05). Moreover, the 
signals of wt p53, iNOS, p38 kinase, caspase-3 and NOS 

activity were significantly stronger, whereas, the signals 
of bcl-2, c-myc and Fas/FasL were markedly weaker in 
E2 group than those in C2 group (P<0.05).

CONCLUSION: The differentiation and apoptosis 
of human esophageal cancer cell Eca-109 can be 
induced after 24- and 48-h treatment with 8-Br-
cAMP, respectively. Upregulation of wt p53, iNOS 
and downregulation of c-myc may be associated 
with differentiation and apoptosis of Eca-109 cells. 
Furthermore, upregulation of FasL, p38 kinase and 
caspase-3 as well as downregulation of bcl-2, and Fas 
may be involved in the apoptosis of Eca-109 cells.

©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
There are two isoforms of  cAMP receptor proteins, type 
I (PKAI) and type II (PKAII). PKAI can stimulate cell 
growth, while PKAII can inhibit it. Cho-Chung[1] have 
reported that the nontoxic 8-Br-cAMP is one of  the site-
selective cAMP analogs to combine with the PKAII 
attractively and 8-Br-cAMP could induce cancer cell 
differentiation via regulatory balance of  the intracellular 
signal transducers of  cAMP. It was reported that cAMP 
analogs or upregulation of  cAMP/PKA pathway could 
suppress tumor malignancy through growth inhibition and 
differentiation induction[2,3]. In our previous studies, we 
found that 8-Br-cAMP could inhibit growth-related gene 
expressions in Eca-109 cells mainly through regulation 
of  c-myc, epidermal growth factor receptor (EGFR), 
c-fos and wild-type (wt) p53 expressions; and facilitate 
retinoblastoma Rb44 cell differentiation mainly through 
iNOS gene expression[4,5]. Some studies demonstrated 
that the acid-denatured and methyl green-pyronin stain 
could be used for the identification of  differentiated non-
proliferating cells[6-8]. It is known that the oncogene/proto-
oncogene, EGFR and c-myc can enforce cell proliferation, 
while the anti-oncogene, wt p53, can inhibit it; iNOS, 
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p38 kinase, Fas/FasL and caspase-3 are mainly associated 
with apoptosis, while bcl-2 is of  anti-apoptotic; besides, 
different expression levels of  the same gene may result in 
different effects. In this study, we aimed to investigate the 
effects of  8-Br-cAMP on differentiation and apoptosis 
of  human Eca-109 cells, and to examine the alteration of  
related gene expressions by using in situ  hybridization, 
immunocytochemistry and cytochemistry.

MATERIALS AND METHODS
Cell culture
The human esophageal cancer cell line Eca-109 was 
cultured in DMEM (Gibco BRL, USA) supplemented with 
100 mL/L fetal bovine serum. The Eca-109 cells were 
cultured with 2×10-5 mol/L of  8-Bromo-cAMP (Sigma, 
USA) for 24 h as the experimental 1 (E1) group and for 
48 h as the experimental 2 (E2) group. The Eca-109 cells 
were cultured with the same medium without any drug 
for 24 h as the control 1 (C1) group and for 48 h as the 
control 2 (C2) group.

Preparation of specimen
The cultured cell suspension (1×106 cells) of  each group 
was dropped onto the pretreated slides and then the 
slides were dried, followed by fixation with 20-40 g/L 
paraformaldehyde and stored at -20 °C.

Furthermore, the cultured cell suspension (1×106 

cells) of  each group was dropped onto the nitrocellulose 
membrane (NCM, ProtranTM, USA) pretreated with 
20 × SSC for dot blot hybridization or with RNase-free 
water for immunodot blotting, and then NCM specimens 
were dried and stored at -20 °C.

Labeling and sensitivity detection of cDNA probes
The denatured cDNAs of  wt p53, c-myc, bcl-2, and 
iNOS were labeled with biotin-11-dUTP (Sigma, USA) by 
random primer system (Promega, USA), and the sensitivity 
of  each probe was detected using DNA dot blotting.

In situ hybridization
After being pretreated with 5 mg/mL final concentration 
of  proteinase K (Promega, USA) for 10 min, post-fixation 
with paraformaldehyde and pre-hybridization without 
the cDNA probes for 3 h, the slide specimens of  each 
group were hybridized with each kind of  cDNA probes 
in final concentration of  0.5 µg/mL at 42 °C overnight. 
Then the slides were stringently washed four times with 
0.1× SSC at 42 °C for 15 min. The streptavidin-alkaline 
phosphatase (dilution 1:1 000, Promega, USA) was added 
onto the slides after blocking with 10 g/L acetylated BSA. 
The nitroblue tetrazolium and 5-bromo 4-chloro 3-indole 
phosphate (NBT-BCIP, Promega, USA) were used as the 
substrate to develop the signals in bluish-violet color. For 
detection of  intact cell using dot blot hybridization, the 
NCM specimens were first rinsed rapidly with chloroform, 
followed by treating at 80 °C under vacuum for 2 h 
and subsequently treated basically as aforementioned 
procedures for the slides.

Immunocytochemistry
The slide specimens of  respective groups were treated 
with 3 g/L Triton X-100/PBS for 10 min, 30 mL/L H2O2 

5 min, 0.01 mol/L citrate buffer (pH 6.0) at 95 °C for
10 min, washed with 1× PBS after each step. The slides 
were treated with 100 mL/L normal goat serum for 
2 0  m i n, followed by incubation with the primary mAbs 
against EGFR (Sigma, USA) for E1 and C1 groups, and 
against p38 kinase and caspase-3 (Invitrogen, USA) for 
E2 and C2 groups at a dilution of  1:100 at 4 °C overnight. 
The HRP-labeled or alkaline phosphatase-labeled goat 
anti-mouse serum was added onto the slides for 1 h as the 
secondary antibody. The slides were thoroughly washed 
with PBS after treatment with respective antibodies. The 
DAB/H2O2 was used as the substrate to develop the 
positive signals in brownish color, while NBT/BCIP 
was used as the substrate to develop bluish-violet color. 
The specific primary antibodies were replaced by PBS 
for the negative controls. For detection of  immunodot 
blotting, the NCM specimens were treated using the above 
procedures except for substitution of  0.5 g/L Tween 20 in 
TBS (Tris-Cl buffer saline) for PBS.

Cytochemistry
The slides of  each group were incubated with phosphate 
buffer (PB) containing 1.0 mg/mL reduced form of  NAD 
1 (co-enzyme 1) and 0.5 mg/mL NBT at 37 °C for 1.5 h. 
The negative control was performed simultaneously except 
for the addition of  PB alone.

Ratio of differentiated cells/proliferating cells
The slides of  each group were re-fixed with ice-cold 
Carnoy’ s fixative for 15 min, followed by digestion of  
intra-nuclear DNA with 1 mol/L HCL in 800 mL/L 
ethanol for 5 min. The slides were stained with 5 g/L 
methyl green and pyronin GS (BDH, UK) in an acetate 
buffer (pH 4.8) for 5-7 min, subsequently washed with 
D.H2O and acetone.

Detection of apoptosis rate by TUNEL
The slides of  each group were treated with 50 mg/mL 
levamizol in ethanol for 15 min, followed by digestion with 
proteinase K and post-fixation with paraformaldehyde. 
Then the slides were incubated with 1 mg/mL terminal 
deoxyribonucleotidyl transferase (TdT, Promega, USA), 
biotin-11-UTP (Sigma, USA) and dNTP in TdT buffer at 
4 °C overnight. The following procedures were performed 
similarly as those for in situ  hybridization. The negative 
control was carried out at the same time except for 
incubation with TdT buffer alone in the total incubation 
substrate.

Statistical analysis
Each kind of  dot blotting was repeated six times. The 
dot blotting in violet color was scanned at 560 nm by 
thin-layer chromatography scanner (Shimada, Japan), 
and that in brownish color was scanned at 420 nm. 
The signal intensity in slide specimens was calculated as 
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total integration value in more than 100 cells under oil-
microscope. The data were analyzed with SSPS 10. A P 
value less than 0.05 was considered statistically significant.

RESULTS
The sensitivity of  each kind of  biotin-labeled cDNA 
probe, including wt p53, c-myc, bcl-2, and iNOS, 
could approach to 1.0 ng/L as detected by DNA dot 
blotting. The apoptotic signals in violet color were 
localized in the nuclei mostly translocated towards 
cell periphery. The cell apoptosis rate and the ratio 
of  differentiated cells (D)/proliferating cells (P) in 
each group are shown in Table 1 and Figures 1 A-D.

The results showed that there was a significant 
difference in apoptosis whereas no significant difference 
in differentiation between E1 and E2 groups.The signals 
of  both in situ hybridization (gene transcription of  c-myc, 
wt p53 and iNOS) and EGFR-immunoreactivity (IR) were 
all localized in the cytoplasm. The hybridization signals 
appeared as violet color granules; the signal intensity of  wt 
p53 and iNOS in E1 group was markedly higher than that 
in the C1 group, whereas that of  c-myc and EGFR in E1 
group was significantly lower than that in the C1 group. 
The scanning values on NCM specimens for each kind of  
signals are shown in Table 2.

Table 2 Comparison of signal scanning values on NCM between E1 
group and C1 group (mean±SD)                         

Groups   c-myc mRNA       Wt p53 mRNA    iNOS mRNA         EGFR-IR

E1 group    3.38 ± 0.99                 2.74 ± 0.83          4.52 ± 0.74             2.37 ± 1.05
C1 group    5.18 ± 1.39                 0.38 ± 0.27        2.63 ± 0.13             4.38 ± 0.48

P < 0.05, E1 vs C1 for each signal.

	
The hybridization signals in violet-colored granules 

of  c-myc, wt p53 and iNOS were localized in the 
cytoplasm, while that of  Fas-IR and FasL-IR were 
located surrounding the cytomembrane. The signal 
intensity of  bcl-2, c-myc gene expression and Fas/
FasL-IR was obviously decreased in E2 group as 
compared to C2 group, while that of  wt p53 and iNOS 
was markedly increased in E2 group as compared to 
C2 group. The scanning values of  each signal on NCM 
specimens are shown in Table 3.

The brownish-colored granules of  caspase-3 IR were 
scattered in the cytoplasm, the signal intensity of  E2 group 
was obviously higher than that of  C2 group. In C2 group, 
the p38-IR staining appeared as yellow-brownish colored 
granules in the cytoplasm, while in E2 group, the p38-
IR staining with stronger intensity was mostly located 
in the nuclei (the activated p38 kinase translocated from 
cytoplasm into nuclei). The violet-colored NOS activity 
located in the cytoplasm was markedly increased in E2 
group as compared to C2 group (Table 4).

DISCUSSION
It is well known that DNA can be stained by methyl 
green, and RNA by pyronin in cytochemistry. Sen 
et al [8] demonstrated that the proliferating cells were 
different ia l ly s ta ined by methyl g reen in bluish-

Table 3 Comparison of signal scanning values on NCM between E2 
group and C2 group (mean±SD)                          

Groups         bcl-2             c-myc            iNOS                Wt p53             Fas/FasL-I

P < 0.05, E2 vs C2 for each signal.

                      mRNA     mRNA      mRNA         mRNA              R
E2 group	 1.36 ± 0.54  1.72 ± 0.76    5.47 ± 0.35           4.76 ± 1.28         2.69 ± 0.73
C2 group   3.49 ± 1.53  5.22 ± 1.44    2.65 ± 1.22           0.42 ± 0.28          4.17 ± 0.92

Table 4 Comparison of total integration of signal intensities for p38-
IR, caspase-3-IR and NOS activity between E2 and C2 groups

Group                         p38-IR                        Caspase-3 IR                   NOS activity

P < 0.05, E2 vs C2 for each signal.

E2 group                   184                    348                      302
C2 group                   122                    207                      138

Figure 1 A :HCl denaturation and methyl green-pyronin staining of differentiated 
Eca-109 cells (×1 000); B: HCl denaturation and methyl green-pyronin staining of 
proliferating Eca-109 cells (×1 000); C: TUNEL assay showing apoptotic Eca-109 
cells (×1 000); D:TUNEL assay showing non-apoptotic Eca-109 cells (×1 000).

Table 1 Apoptosis rate and ratio of differentiated cells (D)/
proliferating cells (P) in each group

                         E1 group       C1 group         E2 group        C2 group

Apoptosis rate            16%a                    3.0%                     54%c                    4.0%
Ratio of D/P        1.7 (63/37)e      0.2 (17/83)           2.3 (70/30)g         0.16 (14/86)

Apoptosis rate: aP<0.05 vs C1 and E2 groups; cP<0.05 vs C2 group. Ratio of 
D/P:eP<0.05 vs C1, gP<0.05 vs C2.
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green color and the differentiated cells were stained 
mainly by pyronin in red color, since the nuclear 
DNA of  prol iferat ing cel ls was less sensit ive to 
hydro lys i s w i th hydroch lor i c ac id as compared 
to the differentiated cells. In this study, the ratio 
of  differentiated cells/proliferating cells had no 
significant difference between E1 and E2 groups, 
the effect of  cell differentiation or proliferation 
inh ib i t ion could be demonstra ted ear l i e r in E1 
group induced with 8-Br-cAMP for 24 h. However, 
there was a significant difference in the apoptosis 
rate between E1 and E2 groups.

It was reported that the activation of  EGFR, c-myc 
oncogene, and inactivation of  wt p53 tumor suppressor 
gene could be detected in the development of  squamous 
cell carcinoma of  the esophagus[9]. The wt p53 encoded 
by wt p53 tumor suppressor gene antagonized cell cycle 
progression to inhibit cell growth with contrary effect to 
EGFR and c-myc through p21waf1, which was elucidated in 
our previous study[4]. It is known that the EGF receptor 
in the esophageal cancer, homologous to v-erbB, is a 
truncated form of  EGFR with deletion of  extra-cellular 
ligand domain, and a persistent tyrosine kinase activity 
displayed to stimulate the cancer cell growth independent 
of  EGF ligand. The c-myc proto-oncogene encodes 
transcriptional regulator; upregulation of  myc enforces 
cell growth; while abrupt downregulation of  myc or 
withdrawal of  any growth cytokine from environmental 
factors may have an association with cell differentiation 
and apoptosis[10]. In this experiment, downregulation 
of  myc may be associated with decreased expression 
of  EGFR. The precise mechanism of  myc-induced 
pathways to contribute to apoptotic response is still largely 
unsolved[11].

It was found that multifunctional gene p53 could be 
involved in cell differentiation and apoptosis in malignant 
tumors[12]. Schwartz et al[13] reported that the osteoblasts 
in an osteosarcoma cell line could be induced by p53 
to produce osteocalcin product. Tsumamoto et al [14] 
indicated that NO could induce cell differentiation in the 
rat retinal ganglion cells. Our previous study showed that 
NO and NOS could induce the retinoblastoma HXO-
Rb44 cells towards differentiation with enhanced enolase 
expression[5]. The wt p53 could be upregulated by NO[15]; 
and apoptosis of  human carcinoma cells could be induced 
by inducible NOS expression[16,17]. The exogenous wt p53 
at higher level could inhibit proliferation of  K562 cells and 
induce apoptosis; but could induce the cell differentiation 
at lower p53 level[18]. Similarly, the NO, product of  
NOS, in a small amount could involve cell protection, 
while a great amount of  NO could cause cytotoxicity or 
apoptosis[19]. Interestingly, in this study, we observed that 
downregulation of  EGFR and c-myc and upregulation of  
wt p53 and iNOS in E1 group (after treatment with 8-Br-
cAMP for 24 h) might be associated with differentiation; 
and further downregulation of  c-myc and upregulation of  
wt p53 and iNOS in E2 group (after treatment with 8-Br-
cAMP for 48 h) might be associated with apoptosis in 
Eca-109 cells.

Our previous study demonstrated that the decreased 
ratio of  bcl-2/bax expression was associated with 
inhibition of  cell apoptosis. The downregulation of  
anti-apoptotic bcl-2 could cause the cells sensitive to 
apoptosis, and p53 could inhibit the bcl-2 expression and 
promote expression of  pro-apoptotic Fas; besides, bcl-2 
could participate in NO-mediated and p53-mediated 
apoptosis[14]. The Fas has been shown as a target gene for 
transcription and activation by p53[20]. The combination 
of  Fas with FasL could participate in apoptosis of  tumors, 
such as ovarian cancer, etc.[21]. In this experiment, the 
decreased Fas/FasL ratio implicated that the decreased Fas 
with increased FasL might be induced by 8-Br-cAMP after 
48 h of  treatment.

Among the mitogen-activated protein kinase (MAPK) 
family, the p38-MAPK has been reported to be involved in 
apoptosis, while ERK-1 oppositely stimulated cell growth; 
and the p53 could be activated by p38 through N-terminal 
serine in p53 phosphorylated by p38-MAPK[22]. Kim 
e t  a l[23] indicated that NO-induced p38 kinase activity 
was an induction signal for apoptosis of  chondrocytes 
in association of  p53 accumulation, caspase-3 activation 
and differentiation status. The caspase-3 is a downstream 
effector member in the caspase family, playing a role in 
the final common pathway of  apoptosis. It was reported 
that Fas could induce apoptosis through caspase effector 
pathway directly, not necessary to be gene-mediated[24]. 
Our results suggested that 8-Br-cAMP-induced Eca-109 
cel l apoptosis might mainly be mediated through 
downregulation of  bcl-2 by wt p53 and upregulation of  wt 
p53 by p38 kinase; or wt p53-mediated Fas/NO effector 
pathway may finally come to the common pathway of  
activated caspase-3. Hence, upregulation of  wt p53 may 
play an important role, synergistically in combination with 
regulation of  related gene expressions to form a regulatory 
network involved in Eca-109 cell differentiation and 
apoptosis. Understanding of  the regulatory network may 
contribute to providing novel strategy and bright insight 
for cancer therapy.
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Abstract
AIM: To study the pathogenetic processes and the role 
of gene expression by microarray analyses in expediting 
our understanding of the molecular pathophysiology of 
pancreatic adenocarcinoma, and to identify the novel 
cancer-associated genes.

METHODS: Nine histologically defined pancreatic head 
adenocarcinoma specimens associated with clinical 
data were studied. Total RNA and mRNA were isolated 
and labeled by reverse transcription reaction with Cy5 
and Cy3 for cDNA probe. The cDNA microarrays that 
represent a set of 4 096 human genes were hybridized 
with labeled cDNA probe and screened for molecular 
profiling analyses.

RESULTS: Using this methodology, 184 genes were 
screened out for differences in gene expression level 
after nine couples of hybridizations. Of the 184 genes, 
87 were upregulated and 97 downregulated, including 
11 novel human genes. In pancreatic adenocarcinoma 
tissue, several invasion and metastasis related genes 
showed their high expression levels, suggesting that 
poor prognosis of pancreatic adenocarcinoma might have 
a solid molecular biological basis.

CONCLUSION: The application of cDNA microarray 
technique for analysis of gene expression patterns is a 
powerful strategy to identify novel cancer-associated 
genes, and to rapidly explore their role in clinical 
pancreatic adenocarcinoma. Microarray profiles provide 
us new insights into the carcinogenesis and invasive 
process of pancreatic adenocarcinoma. Our results 
suggest that a highly organized and structured process 
of tumor invasion exists in the pancreas.

©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreatic carcinoma is the 12th most common cause of  
cancer death in China, which is one of  the most aggressive 
form of  human tumors and is virtually incurable. Its 
incidence and mortality rates are almost identical, even 
after receiving surgical resection and adjuvant chemo-
radiotherapy, the overall 5-year survival rate is only 4.1%[1]. 
The etiology of  pancreatic carcinoma is still unknown. 
There is clearly a need for novel and more effective 
diagnostic and therapeutic methods.

Oncog enes i s and deve lopment o f  neop l a sm 
is a complex mult iphase process, which involves 
overexpression of  oncogenes or inactivation of  tumor 
suppressor genes, mutation or depletion of  normal 
genes, pleiotropic effects and immunologic function. 
The genes are involved in vital processes of  life, such as 
gene expression accommodation, immunology or cell 
differentiation, which are arranged in some gene clusters, 
in which all the members are being controlled in unity[2]. In 
the process of  oncogenesis, there may exist some different 
clusters of  tumor-related genes. Hence, it is important to 
find such unique gene clusters involved in carcinogenesis, 
invasion and metastasis processing.

Current focus of  molecular profiling is the large-
scale analysis of  gene expression using new DNA array 
technology[3]. This powerful technology is being used 
to study many biological processes. The experimental 
or clinical goals range from insights to pathogenesis, 
cancer diagnosis and prediction of  clinical outcome for 
identification of  therapeutic targets. In this way, DNA 
array analysis is providing the first glimpse of  a substantial 
improvement in our understanding of  cancer biology 
and diagnosis. Identifying and sequencing a set of  full-
length cDNAs that represent all human genes would help 
in both gene discovery and functional analysis. It offers a 
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great opportunity to study the pathogenetic processes and 
molecular pathophysiology of  pancreatic carcinoma.

I n t h i s s t u d y, we a n a l y z e d n i n e p a n c r e a t i c 
adenocarcinomas using the cDNA microarray containing 
4 096 human genes with the aim of  understanding 
expression patterns and searching for carcinogenesis-
related gene clusters and novel useful markers for the 
malignant potential of  pancreatic carcinoma at the 
molecular level.

MATERIALS AND METHODS
Patients and tissue specimens
We analyzed samples of  pancreatic head adenocarcinoma 
from nine patients (five males, four females, 51-71 years) 
who underwent pancreaticoduodenectomy at Changhai 
Hospital, Shanghai, China, between November 1999 and 
May 2000. All samples were collected with informed 
consent and Ethics Committee approval. Samples were 
grossly dissected and snap-frozen in liquid nitrogen within 
10 min of  removal and stored at -80 °C. Initial diagnosis of  
each sample from the frozen section was later confirmed 
by detailed analysis of  paraffin-embedded sections. 
Following the fourth Japanese edition of  the Classification 
of  Pancreatic Carcinoma (Japan Pancreas Society, 1993), 
the nine tumors were staged, including two stage I, two 
stage II, four stage III and one stage IVa. We isolated and 
purified total RNA from pooled, noncancerous, male adult 
human pancreas tissues and used as a reference “normal” 
sample for each microarray experiment.

RNA isolation
Tumor and normal tissue samples were ground into a fine 
powder in a 10-cm ceramic mortar (RNase-free) and total 
RNA was extracted according to the original single-step 
extraction procedure with slight modifications. Ground 
tissue was homogenized in Solution D containing 1% 
ß-mercaptoethanol. After centrifugation, the supernatant 
was extracted twice with an equal volume of  phenol:
chloroform (1:1) and once with an equal volume of  acidic 
phenol:chloroform (5:1), discarding the organic phase 
each time. The aqueous phase was then precipitated by 
an equal volume of  isopropylalcohol at 4 °C, centrifuged 
to pellet the RNA and dissolved in deionized (Milli-Q) 
H2O. mRNA was purified using an Oligotex-dT mRNA 
Midi Kit (Qiagen, Inc., Carlsbad, CA, USA), following the 
manufacturer’s instructions. The RNA concentration was 
measured by using spectrophotometry, and its integrity was 
assessed by electrophoresis on formaldehyde-agarosegel.

Microarrays
The construction of  the microarrays was carried out 
following Stanford University’s method[4]. The microarrays 
consist of  4 096 sequences, including full-length and 
partial complementary DNAs (cDNAs) representing 
novel, known and control genes provided by United Gene 
Holdings, Ltd. The known genes were selected from 
NCBI UniGene set and cloned into a plasmid vector. 
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The novel genes were obtained through systematic full-
length cloning efforts carried out at United Gene Holding, 
Ltd. The control spots of  non-human origin in 4 096 
chip included the rice U2 RNA gene (8 spots), hepatitis 
C virus (HCV) coat protein gene (8 spots), and spotting 
solution alone without DNA (32 spots). The cDNA 
inserts were amplified by PCR using universal primers 
and then purified. All PCR products were examined by 
electrophoresis on an agarose gel to ensure the quality 
and identity of  amplified clones as expected. Then 
the amplified PCR products were dissolved in a buffer 
containing 3× SSC solution. The solutions with amplified 
PCR products were spotted onto silylated slides (CEL 
Associates, Houston, TX, USA) using a Cartesian PixSys 
7 500 motion control robot (Cartesian Technologies, 
Irvine, CA, USA) fitted with ChipMaker Micro-Spotting 
Technology (TeleChem International, Sunnyvale, CA, 
USA). Glass slides with spotted cDNA were then hydrated 
for 2 h in 70% humidity, dried for 0.5 h at room temperature, 
and UV cross-linked at a dose of  65 mJ/cm. They were 
further treated with 2 g/L sodium dodecyl sulfate (SDS) 
for 10 min, distilled H2O for 10 min, and 2 g/L sodium 
borohydride (NaBH4) for 10 min at room temperature. 
The slides were dried again and made ready for use.

Probe preparation and hybridization
The fluorescent cDNA probes were prepared through 
reverse transcription of  the isolated mRNAs and then 
purified. The RNA samples from healthy individuals 
were labeled with Cy3-dUTP and those from cancerous 
patients with Cy5-dUTP. The two color probes were then 
mixed, precipitated with ethanol and dissolved in 20 µL of  
hybridization solution. Microarrays were pre-hybridized 
with hybridization solution containing 0.5 mg/mL
denatured sa lmon sper m DNA at 42 °C for 6 h . 
Fluorescent probe mixtures were denatured at 95 °C for
5 min, and the denatured probe mixtures were applied 
onto the pre-hybridized chip under a cover glass. Chips 
were hybridized at 42 °C for 15-17 h. The hybridized chips 
were then washed at 60 °C for 10 min each in solutions 
of  2× SSC and 2 g/L SDS, 0.1× SSC and 2 g/L SDS, and 
0.1× SSC, and then dried at room temperature.

Data analysis
The chips were scanned with a ScanArray 3000 (GSI 
Lumonics, Billerica, MA, USA) at two wavelengths to 
detect emission from both Cy3 and Cy5. The acquired 
images were analyzed using ImaGene 3.0 software 
(BioDiscovery, Inc. , Los Angeles, CA, USA). The 
intensities of  each spot at the two wavelengths represent 
the quantity of  Cy3-dUTP and Cy5-dUTP, respectively, 
hybridized to each spot. Ratios of  Cy3-Cy5 were computed 
for each location on each microarray. Overall intensities 
were normalized with a correction coefficient obtained 
using the ratios of  40 housekeeping genes (available at 
http://www.biodoor.com/).

We used the threshold value to define significant 
re lat ive express ion changes, which set at 2 .0 for 
overexpression and at 0.50 for underexpression on the 
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basis of  both the experimental variability in our data and
the manufacturer’s established performance criteria. 
Data filtering with this algorithm identified the genes 
overexpressed at least by twofold and underexpressed 
at least by 50% across, more than 66.7% (6/9) of  all 
specimens. To minimize artifacts arising from low 
expression values, only the genes with raw intensity values 
for both Cy3 and Cy5 of  >600 counts were chosen for 
differential analysis.

RESULTS
Sensitivity and reproducibility of the microarray system
The purity and concentration of  isolated RNA were 
analyzed f irst by using UV spectrophotometer at 
absorbance wavelengths of  260 and 280 nm (A260 and 
A280). The average A260/A280 ratio was higher than 1.9. 
Furthermore, the integrity of  the RNA sample was 
verified by electrophoresis on 10 g/L agarose gel stained 
with ethidium bromide. The quality of  the RNA was 
assessed by the visualization of  the 28S and 18S ribosomal 
RNA bands. The bands were distinct and sharp, without 
being diffused and smeared. The results indicated that 
mRNA preparation expressed continuous polyadenylated 
transcripts between 0.9 and 4.0 kb in length.

In order to access the “noise” in the differential 
express ion assay, we employed se l f -compar ison 
experiments. A sample of  mRNA from a single fetal liver 
tissue was divided into two equal aliquots and labeled 
with Cy3-dUTP and Cy5-dUTP, respectively. The labeled 
samples were then mixed together and hybridized to the 
microarray. The results revealed that approximately 1% 
of  the 4 096 cDNA clones showed more than 2.0-fold 
difference in signal intensity between the two channels. 
Furthermore, this “noise” in the data was shown upon 
analysis to occur at random array positions in each 
microarray experiment. Figure 1 shows the scatter plots of  
the within-slide normalization experiment. The Cy3/Cy5 
log ratios from the different print tip groups were centered 
around zero, indicating that the types of  systematic 
errors were minimized. The spots in the experiments 
showed a highly concordant distribution pattern. Besides, 
hybridization experiments with probes prepared from 
human mRNA produced little or no signal at the positions 
of  the negative controls (data not shown).

Gene expression analysis in patients with pancreatic 
adenocarcinoma
The hybridizations for each individual were repeated 
twice. Of  all the 4 096 human genes analyzed through 
microarray experiments, a total of  184 genes (4.5%) 
revealed differential expression in more than 60.66% 
(6/9) of  the pancreatic adenocarcinoma specimens using 
a fold ratio of  >2 as criteria for cut-off. Of  184 genes, the 
expression of  87 genes (47.3%) was markedly increased 
in pancreatic adenocarcinoma tissues as compared with 
the normal pancreas tissues (Figure 1). In addition, the 
expression of  97 genes (52.7%) was significantly decreased 
in pancreatic adenocarcinoma tissues as compared with 
normal pancreatic tissues (Figure 2). The 184 genes 
corresponded to 173 genes represented in the GenBank 
and 11 novel sequences which have not been found in the 
GenBank. Scatter plots with cancerous tissues showed a 
wide distribution pattern (Figure 2), suggesting that genes 
are expressed differentially in cancer cells when compared 
with the normal cells. Scatter plot of  the values of  Cy3 
and Cy5 fluorescent signals also revealed a pattern of  tight 
distribution and clustered in an almost 45° diagonal line as 
expected.

In the 11 novel genes screened by our microarray 
experiments, an overexpressed clone in pancreatic 
adenocarcinomas was identified. The average Cy5/Cy3 
ratio of  the clone is 4.92. As we have reported recently[5], 
this clone is the full-length cDNA of  the human gene 
S100P (GenBank accession number AF539739). The 
sequence is of  1 297 bp and encodes a protein identical 
to previously characterized human S100P, but it is much 
longer than the previously reported 439 bp. The cDNA is 
near full-length as confirmed by Northern blot analysis. We 
examined its distribution in tissues by using Northern blot 
and RT-PCR analysis, and found that it was abundantly 
expressed in many tissues including placenta, unlike the 
expression pattern of  other S100 family genes.

DISCUSSION
DNA microarray technology has offered us a new insight 
into the secrets of  life by monitoring the activities and 

Figure 1 Scatter plots of average ratio/spot label distribution.

Figure 2 Microarray scatter plot for pancreatic adenocarcinoma mRNA labeled 
with Cy5 and normal pancreas mRNA labeled with Cy3. The “sameness line” 
drawn at a 45° angle denotes a 1:1 ratio of signal intensity between the Cy3 dye (Y 
axis) and the Cy5 dye (X axis) at each position on the array.
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profiles of  thousands clones simultaneously. The gene 
expression profiles can led us to mapping  a cross-section 
of  genetic activities and biological entity[6].

In this experiment, the genes identified as differentially 
expressed in microarrays revealed a wealth of  information 
that pancreatic adenocarcinomas are complex tumors, 
as evidenced by the wide range of  investigations [7-9]. 
However, these findings not only provide novel insight 
into the biology of  pancreatic carcinoma, but also serve 
to identify numerous new targets for development into 
serologic markers or therapeutic target. The differentially 
expressed genes in pancreatic adenocarcinomas included 
oncogenes and tumor suppression genes, cell-cycle-related 
genes, signal transduction factors, extracellular matrix and 

skeleton related genes, transcription factors, DNA damage 
and repair related genes and apoptosis-related genes 
(Tables1 and 2). 

The screened genes with good concordance in 
these pancreatic adenocarcinoma patients may have the 
potential to become candidates for tumor markers and 
the molecular target for gene therapy, whereas genes that 
show concordance in a patient subset may reflect different 
disease stages or physiological and genetic differences 
between the patients.

Griffin et al [10] reported that more than 70% of  
pancreatic adenocarcinomas possessed consistent 
chromosome abnormalities. The most frequent whole 
chromosomal gains were chromosomes 20 and 7, and 
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Table 1 Representative list of highly expressed genes in pancreatic carcinoma

Categories                           Accessions             Descriptions                           Symbols              Gene map locus                     Average ratios

Oncogenes                           AF183421 RAB22b, RAS oncogene family       Rab22b                                   18p11.3                             3.530
Cell cycle             NM_001175 Rho GDP dissociation inhibitor       Rho GDI               12p12.3                             4.504
                          NM_001788                Cell division cycle 10                           CDC10                                    7p14.3-14.1                             3.219
                          NM_001798 Cyclin-dependent kinase 2       CDK2                                   12q13                             2.853
                          NM_002592 Proliferating cell nuclear antigen       PCNA                                   20pter-p12                                     3.388
Signal transduction           NM_002835 Protein tyrosine phosphatase,               PTPN12                                   7q11.23                             4.236
                                                                                  non-receptor type 12                                                                                                             
                          NM_007039 Protein tyrosine phosphatase,               PTPN21                                   14q31.3                             2.65
                                                                                   non-receptor type 21 
                                             NM_004721 Mitogen-activated protein kinase         MAPK13                                   3q25-29                                         2.361
                                                                                   kinase kinase 13 
                          NM_000876 Insulin-like growth factor 2 receptor     IGF2R                                    6q26                             2.192
                          NM_000700 Annexin I                                         ANXA1               9q12-21.2                             4.092
Extracellular matrix     NM_002345 Lumican                                                  LUM                                   12q21.3-22                             9.892
                          NM_000089               α2 type I collagen                            COL1A2               7q22.1                           11.638
                          NM_000090               α1 type III collagen                            COL3A1                2q31                           18.165
                          M26576                     α1 type IV collagen preproprotein       COL4A1                          13q34                             4.171
                          NM_000393               α2 type V collagen preproprotein       COL5A2               2q14-32                             3.677
                          NM_001920 Decorin                                                DCN                                   12q13.2                             3.633
                          NM_000582 Secreted phosphoprotein 1       SPP1                                     4q21-25                             5.033
                          NM_004385 Chondroitin sulfate proteoglycan 2      CSPG2                                     5q14.3                             6.073
                          NM_003380 Vimentin                                                VIM                                   10p13                             2.543  
                          NM_033138 Caldesmon 1                            CALD1                                    7q33                             5.097
                          NM_002026                Fibronectin 1                             FN1                                      q34                                            18.298
                                              NM_003254 Tissue inhibitor of metalloproteinase1     TIMP1                                   Xp11.3-p11.23                             13.791
Cytoskeleton and       NM_001613 α2 actin                                        ACTa2                                   10q23.3                             2.79
motility                          NM_006009 Tubulin, α3                            TUBA3                                   12q12-14.3                             2.647
                          NM_005717 Actin related protein complex subunit 5     TPM1                                    15q22.1                                2.113
Cell surface antigen      NM_002659 Plasminogen activator, urokinase         UPAR                                    19q13                             6.073
                                                                                   receptor 
                          NM_001769 CD9 antigen                             CD9                                   12p13                             2.614
Enzymes                          NM_000396 Cathepsin K preproprotein        CTSK                                     1q21                             2.809
                          NM_002654 Pyruvate kinase, muscle        PKM2                                   15q22                             3.186
Cytokines                           NM_005534 Interferon γ receptor 2          IFNGR2             21q22.11                             2.492
                          NM_003641                Interferon-induced transmembrane      IFITM1                                      11                                                  3.187
                                                                                   protein 1                                         
                                             NM_006435 Interferon-induced transmembrane      IFITM2                                  11p15.5                             4.149
                                                                                    protein 2                          
Transcription factor     NM_007315 Signal transducer and activator of         STAT1                                    2q32.2-32.3                             2.945
                                                                                  transcription 1 
                          BC007874 Fructose bisphosphatase 3       FBP3                                    9q34.2                             2.35
                          NM_001530 Hypoxia-inducible factor 1, α	 						HIF1α	 																																		14q21-24																																									2.796
                          NM_006940 SRY-box 5 isoform A                            SOX5                                   12p12.1                             2.671
                           AF332192 Regulatory factor X, 4                              RFX4                                   12q                                                 2.094



the chromosomal losses were much more frequent 
in chromosomes 18, 13, 12, 17, and 6. Structural 
abnormalities were frequently involved in chromosomes 
1p, 6q , 7q , 17p, 1q , 3p, 11p, and 19q. From our 
microarrays, we found that the overexpressed genes 
in pancreatic adenocarcinomas are mainly located in 
chromosomes 1, 2q, 7q, 9q, 12, 14q, 15q, and 21q, and the 
downexpressed genes are mainly located in chromosomes 1, 
2, 3, 7q, 8q, 15q, 17, 19, and 22q, which are similar to the 
previous reports. This phenomenon suggests the existence 
of  acquired genomic alterations in pancreatic carcinomas.

Among the genes overexpressed in pancreat ic 
adenocarcinomas, RAB22B and Rho GDP dissociation 
inhibitor (Rho GDI) are the members of  Ras superfamily, 
whose Cy3/Cy3 ratios are 3.53 and 4.504, respectively. 

As it is well known that many pancreatic carcinoma 
cells show “addiction” to K-ras mutation, while normal 
cells appear resistant to suppression of  K-ras-mediated 
signaling by antisense K-ras RNA expression adenoviral 
vector[11]. So, overexpressed RAB22B may be the result of  
K-ras mutation in pancreatic adenocarcinoma. The Rho 
family proteins were found to reorganize cytoskeletons 
and regulate the cell migration via the activation of  
effector proteins. GTP-bound Rho is an active form, 
whereas the GDP-bound form is inactive. Rho GDI 
can block the conversion between the GTP- and GDP-
bound forms. Expression of  Rho family molecules has 
recently been reported in breast, lung, pancreas and colon 
carcinomas, and testicular germ cell tumors[12]. Moreover, 
three guanine nucleotide exchange factors (RCC1-like G 

Table 2 Representative list of downregulated genes in pancreatic carcinoma

Categories                           Accessions             Descriptions                       Symbols                          Gene map locus                      Average ratios

DNA injury and       NM_006763 BTG family, member 2                            BTG2                                    1q32                             0.141
repair	 																									NM_014877	 Helicase	with	zinc	finger	domain	 							HELZ	 																																	17q24.2	 																												0.337
                           NM_014140 SWI/SNF-related matrix-associated
                                                                                   actin regulator of chromatin a like 1     SMARCAL1                          2q34-36                             0.397
Tumor suppressor      NM_000551 Von Hippel–Lindau syndrome gene     VHL                                    3p25                               0.4
Apoptosis                    NM_001229 Caspase 9 isoform αpreproprotein      CASP9                                    1p36.3-36.1                             0.29
                           NM_022173 TIA1 protein isoform 1                             TIA1                                    2p13                             0.413               
Cell-cycle dependent      NM_002923 Regulator of G-protein signaling 2        RGS2                                    1q31                             0.186
                                              NM_005381 Nucleolin                                                 NCL                                    2q12                             0.411
                           NM_006341 MAD2 homolog 2                                     MAD2L2                                 1p36                             0.348
Adhesive molecule             NM_001078 Vascular cell adhesion molecule 1        VCAM                                    1p32-31                             0.363
                           NM_000216 Kallmann syndrome 1 protein         KAL                                    Xp22.32                             0.444
                           NM_005655 TGFB inducible early growth response      TIEG                                     8q22.2                             0.431
Ribosomal protein             BC001365 Ribosomal protein L4                             RPL4                                   15q22                             0.399
                           NM_005617 Ribosomal protein S14                     RPS14                                     5q31-33                             0.319
                           NM_000969 Ribosomal protein L5                   RPL5                                     1p21.3                             0.375
                           NM_033301 Ribosomal protein L8                             RPL8                                     8q24.3                             0.398
                           NM_002950 Ribophorin I                             RPN1                                     3q21.3-25.2                    0.314
Guanine nucleotide       NM_001268 RCC1-like G exchanging factor        CHC1L                                   13q14.3                             0.363 
exchange factor                   NM_001960 Eukaryotic translation elongation          EEF1D                                   19p13.13                             0.242
                                                                                   factor 1-δ
                                              NM_001959 Eukaryotic translation elongation          EEF1B2              2q33-34                             0.305
                                                                                  factor 1-β2      
Transcription factor         NM_014390 EBNA-2 co-activator (100 ku)         p100                                     7q31.3                             0.322
                             NM_005080 X-box binding protein 1        XBP-1                                   22q12.1                             0.325
                           NM_001880 Activating transcription factor 2        ATF2                                     2q32                             0.314
                           NM_012082 Transcription factor GATA4         FOG2                                     8q23                             0.348
Signal transduction            NM_004301 BRG1-associated factor BAF53a                                                          3q27.1                             0.25
                           NM_004236 Thyroid receptor interacting protein 15      SGN2                                    15q21.2                             0.377
                           NM_002825 Pleiotrophin                              PTN                                      7q33-34                             0.355
                           NM_002928 Regulator of G-protein signaling 16       RGS16                                      1q25-31                             0.422
                           NM_005645 TBP-associated factor 13         TAF2K                 1p13.1                             0.462
                           NM_000596 Insulin-like growth factor binding         IGFBP1                7p13-12                             0.365
                                                                                  protein 1 
                                               NM_002514 IGFBP9                                                   IGFBP9                8q24.1                             0.376
Enzymes                           NM_001979 Epoxide hydrolase 2                               EPHX2               8p21-12                             0.315
                           NM_001482 Glycine amidinotransferase          GATM              15q15.3                             0.179
                           NM_000170 Glycine dehydrogenase                             GLDC                 9p22                             0.428
                           NM_000382 Aldehyde dehydrogenase 3 family,         ALDH3A2                17p11.2                             0.393
                                                                                  member A2 
                                              NM_005600 Nitrilase 1                                                     NIT1                                      1q21-22                             0.358
                           NM_004990 Methionine-tRNA synthetase             MARS                12q13.2                             0.438
                           NM_001064 Transketolase                                TKT                                       3p14.3                             0.317
                           NM_000221 Ketohexokinase                                KHK                                     2p23.3-2                             0.309
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exchanging factor, eukaryotic translation elongation factor 
1-δ, eukaryotic translation elongation factor 1-β2) were 
downexpressed in our microarrays, which implied that 
GDP-bound forms might be related to tumorigenesis of  
pancreatic adenocarcinoma. Furthermore, VHL gene, 
which has been confirmed as a tumor suppressor gene[13], 
was also downexpressed in pancreatic adenocarcinoma.

The result showed that pancreatic carcinoma cells 
are much more active than normal cells in many steps 
of  multiple pathways of  signal transduction. The stable 
state of  normal somatic cells depends on the dynamic 
equilibrium of  apoptosis and proliferation. Apoptosis-
related genes were downexpressed in cancer. These 
findings revealed that the phenotypical similarities among 
different cancers are also reflected at the molecular level.

Gene expression profiling of  pancreatic carcinoma 
has also provided new insights into the process of  tumor 
invasion. In pancreatic carcinoma tissue, many invasion 
and metastasis related genes, such as ECM and cell 
skeleton related genes (type I collagen, type III collagen, 
type IV collagen, decorin, secreted phosphoprotein 1, 
vimentin, tissue inhibitor of  matrix metalloproteinase 1, 
fibronectin 1,α2-actin, tubulin, tropomyosin 1, etc.), showed 
high expression level, reflecting the cellular components 
of  the host stromal response seen in the presence of  
infiltrating carcinoma. Moreover, the urokinase-type 
plasminogen activator receptor (uPAR) was found highly 
expressed in pancreatic adenocarcinomas, which is a key 
molecule in the regulation of  cell-surface plasminogen 
activation and, as such, plays an important role in many 
normal as well as pathologic processes[14]. Memarzadeh et 
al[15] concluded that uPAR is a useful prognostic marker for 
biologically aggressive forms of  endometrial cancer. These 
phenomena suggest that poor prognosis of  pancreatic 
carcinoma may have a solid molecular biological basis, and 
also indicate that a highly organized and structured process 
of  tumor invasion exists in the pancreas.

The downregulated genes in the pat ients with 
pancreatic adenocarcinoma are also divided into distinct 
functional categories. Reduced expression was observed 
in genes encoding products that function in the apoptosis, 
immune system, cell regulation, DNA injury and repair 
processing and GTP/GDP signaling, which were in 
agreement with the previous reports[16,17].

In conclusion, the application of  cDNA microarray 
technique for analysis of  gene expression patterns is a 
powerful strategy to identify novel cancer-associated genes, 
and can rapidly explore their role in clinical pancreatic 
adenocarcinomas. Microarray profiles provide us new 
insights into the carcinogenesis and invasive process in 
pancreatic adenocarcinoma. Our results suggest that a 
highly organized and structured process of  tumor invasion 
exists in the pancreas.
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Abstract
AIM: To investigate the influence of IL-1B-511 gene 
polymorphism on IL-1B mRNA expression and gastric 
acid output in individual with or without Helicobacter 
pylori (H pylori) infection.

METHODS: IL-1B mRNA expression and gastric acid 
secretion in 117 health volunteers were assayed using 
semi-quantitative RT-PCR and gastric juice assay, 
respectively. Pepsinogen (PG) I and II of 255 subjects 
(including 117 health volunteers) were also examined.

RESULTS: T/T genotype individuals with H pylori 
infection had a more decreased PG I/II ratio. In gastric 
antrum mucosa, the individuals with H pylori infection 
had higher IL-1B expression than those without H 
pylori infection, but there was no obvious difference 
among each genotype. In gastric corpus, the individuals 
with H pylori infection had a significantly higher IL-1B 
expression than those without H pylori infection. IL-1B-
511T/T genotype was markedly higher as compared with 
the other two genotypes. Both maximal acid output and 
basic acid output were similar among each genotype in 
IL-1B-511 gene locus, regardless of H pylori infection.

CONCLUSION: IL-1B-511 T allele does not decrease 
gastric acid output, although it has a stimulated influence 
on IL-1B expression. Consequently, the pathway, 
through which IL-1B plays a central role in gastric cancer 
development, might not depend on low acid, but on the 
other regulation mechanisms.

© 2005 The WJG  Press and  Elsevier  Inc.  All rights  reserved.
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No relationship between IL-1B gene polymorphism and 
gastric acid secretion in younger healthy volunteers          
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INTRODUCTION
Gastric cancer development is a multifactor and multi-
step process. Clinical and epidemiological studies have 
suggested that environmental effects and dietary habits, 
such as smoking, alcohol consumption, low intake of  fruits 
or vegetables and Helicobacter pylori (H pylori) infection, were 
the primary causes for the occurrence of  carcinogenesis[1,2]. 
Furthermore, decades of  researches have built up a variety 
of  evidence that genetic risk factors also play an important 
role in cancer development[3]. Recently, through a case-
control study, El-Omar et al[4] discovered that there was a 
strong relationship between IL-1 gene polymorphism and 
gastric cancer in the Polish population. The association 
between IL-1B-511 T allele and gastric carcinoma or 
atrophic gastritis was discovered by Machado et al[5] and 
Furuta et al[6] respectively. The results of  several studies are 
in agreement with ours on Chinese population[7].
    The epidemiological studies mentioned above 
were based on a hypothesis that IL-1B-511 and -31 
gene polymorphisms contributed to stomach cancer 
development through T al lele upregulating IL-1B 
mRNA expression, and then inhibiting directly gastric 
acid secretion. Low gastric acid was reported as a risk 
factor for cancer, because it resulted in a change of  the 
colonized place of  H pylori from gastric antrum to the 
corpus[8,9]; unfortunately, corpus-predominant gastritis 
with bacterial overgrowth was at increased risk of  atrophic 
gastritis (with several biomarkers, such as pepsinogen 
(PG)I, II or I/II ratio)[6,10] and even gastric cancer. Both 
increased intragastric pH value and H pylori infection could 
significantly enhance N-nitroso compounds concentration, 
which is a putative promoter of  carcinogenesis and tumor 
progression[11]. Svendsen et al[12] discovered 5 gastric cancer 
patients among 114 patients with low gastric acid secretion 
in a long-term follow-up (mean 8.4 years) study. However, 
this model was only supported by animal studies[4,13]. It 
is unknown now whether IL-1B gene polymorphism 
increased IL-1β protein level and resulted in human 
hypochlorhydria and atrophic gastritis in vivo. In the present 
study, we investigated the effects of  IL-1B-511 genetic 
polymorphism on IL-1β mRNA expression and gastric 
acid secretion in the gastric mucosa of  human beings with 
or without H pylori  infection.         
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MATERIALS AND METHODS
Subjects
A total of  255 students (121 females and 132 males) from 
the Sun Yat-Sen University of  Medical Sciences were 
enrolled in this study (Table 1). All subjects belonged to 
the ethnic group of  Han and their age ranged from 19 
to 24 years (mean 21.4±1.5 years). None of  them had 
the histories of  systemic lupus erythematosis, diabetes 
mellitus, rheumatoid arthritis, and inflammatory bowel 
disease. None of  the subjects had received treatment for 
H pylori infection. Subjects with a family history of  gastric 
cancer were also excluded. 

    After genotyping of  IL-1B gene and test of  H pylori 
antibody IgG, 117 subjects were randomly selected for the 
second step study on IL-1B-511 locus, but IL-1B-31 T/T 
genotype frequency is too low to be researched (Tables 1 
and 2). Three biopsy specimens were collected from the 
antrum (two specimens for RNA extraction and another 
one for urease test) and two biopsy specimens from 
corpus for RNA extraction. In each genotypical group, no 
statistical difference in H pylori prevalence, sex, and age 
was observed (Table 2).

                                       IL-1B-511 genotype (n =117)                           

                                        T/T (n =37)               C/T (n =40)                  C/C (n =40)

H pylori+                             14                               15                              181

Sex (F/M)                            16/21                          18/22                         19/212

Age (yr)                               21.9±1.5                     22.1±1.6                    22.3±1.63

Table 2 Common characteristics of 117 subjects (n, mean±SD)

1x2=0.6; 2x2=0.1, 3F=1.4

DNA extraction
DNA was isolated from peripheral blood using the NaI 
method[14]. Briefly, heparinized whole blood (100 mL) was 
added to twofold volume of  6 mol/L NaI and fourfold 
volume of  chloroform:isoamyl alcohol (24:1) and 
centrifuged at 5 000 r/min for 5 min. The aqueous layer 
was removed and isopropanol was added to the pellet to 
deposit DNA (centrifugation at 5 000 r/min for 5 min). 
Extracted DNA was rinsed 2-3 times with 700 mL/L 
alcohol and resuspended in 40 µL TE buffer (pH 8.0).

Genotyping of IL-1B-511 and -31 loci polymorphism
Polymorphism of  IL-1B-511 and -31 that encodes IL-1B 
was genotyped by polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP)
    A fragment conta ining the AvaI polymorphic 
s i t e a t p o s i t i o n - 5 1 1 o f  t h e I L - 1 B g e n e w a s 
amp l i f i ed us ing PCR. T he o l i g onuc l eo t ide s, 5 ’
- G C C T G A A C C C T G C A T A C C G T - 3 ’  a n d  5 ’
-GCCAATAGCCCTCCCTTCT-3 ’ , f l ank ing th i s 
reg ion were used as pr imers. A luI po lymorphic 
site at position -31 was amplified using primers: 5’
-AGAAGCTTCCACCAATACTC-3’ and 5’-ACCACCTA
GTTGTAAGGAAG-3’. PCR was carried out as described 
previously by Zeng et al[7] PCR fragments were separated by 
electrophoresis on 30 g/L agarose with ethidium bromide 
staining. The C allele was designated, if  two bands of  92 
and 63 bp were obtained, and T allele was designated, if  a 
single band of  the undigested 155 bp was obtained. The 
genotype was designated as follows: C/C, 2 bands of  92 
and 63 bp; C/T, 3 bands of  155, 92, and 63 bp; T/T, a 
single band of  155 bp.

Detection of IL-1B mRNA expression
The biopsy specimens (5-10 mg) were mixed with 
1 000 µL TRIzol (Invitrogen) and then homogenized 
for RNA extraction. RNA was resuspended in 40 µL TE 
buffer (RNase-free).
     RNA solution (5 µL) was diluted 10-fold and A260/280 

ratio was examined. The total RNA was calculated as 
follows: RNAtotal=A260×40×N.
    IL-1B amplification was performed using the primers: 
IL-1B primers, P1 5’-gatgaagtgctccttccaggac-’3, P2 5’-tgg
agcaacaagtggtgttctcca-’3 (480 bp); and GAPDH primers, 
P1 5’-cacagtccatgccatcactg-’3, P2 5’-tactccttggaggccatgtg-’3 
(480 bp).
    RT-PCR amplification was performed in a volume of  50 
µL containing 2× AccessQuickTM Master mixture (Promega 
Company). The final PCR aliquot (10 µL) was analyzed by 
electrophoresis on 30 g/L agarose with ethidium bromide 
staining.

Measurement of gastric acid secretion
Gastric acid secretion was detected in 117 subjects 
following pentagastrin injection. For this, all subjects 
received no medication (e.g. antiacid, etc.) for 24 h and no 
food for 12 h before the test. On the morning of  the test, 
a tube was passed into the stomach through the nose. The 
tube was securely fastened and subjects were made to lie 

Examination of pepsinogen I and II
Using ELISA assay, PG I and II of  255 subjects were 
examined. Blood samples were obtained after 10-h fasting, 
and then coagulated at room temperature for 30 min to 
extract serum. Finally, the ELISA assay was performed 
according to the manufacturer’s instructions (Orion 
Diagnostica Company). All analysis was done in duplicate 
and with an internal standard. The mean absorbance (A450) 
of  each specimen was tested at 450 nm. 

Table 1 Relationship between IL-1B-511 genotypes and H pylori 
status
   Loci            Genotype                    H  pylori+           H  pylori–             Total    

                                                     (n=96)                (n=159)             (n=255)

IL-1B-511         C/C                              34                        63                     97
      C/T                               46                       75                     121  
                          T/T                               16                       211                    37 (14.1%)
IL-1B-31           C/C                              72                       120                   192
                          C/T                               22                       37                     59
                          T/T                       2                         22                      4    (1.6%)

1H pylori+ vs H pylori–: x2=0.6; 2H pylori+ vs H pylori–: x2=0.3
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on their left-side. The gastric juices were then collected 
by applying continuous suction (at 30-50 mmHg below 
atmospheric pressure) to the tube.

Statistical analyses
Hardy–Weinberg equilibrium at individual loci was 
assessed using χ2 test in the statistics program SPSS 
(version 12.0, Chicago, IL, USA). Comparison of  genotype 
frequencies between cases and controls was assessed by 
χ2 test. ANOVA or t-test was used for analysis of  means. 
All P values were two-sided and considered statistically 
significant at P<0.05.

RESULTS
Analysis of pepsinogen I and I/II ratio in different IL1-
1B-511 genotypes
In H pylori-positive cases, T/T genotype individuals had 
markedly decreased PGI/II ratio as compared with the 
other genotypes (F = 3.7, P = 0.03). On the contrary, 
no significant difference in PGI/II ratio was observed 
among the genotypical groups without H pylori infection. 
PGI level was similar in the three genotypes of  infected 
subjects or non-infected subjects, although PGI level was 
lower in H pylori-positive subjects than that in negative 
subjects (Table 3).

Table 3 PG I and I/II ratio in different genotypes with or without 
Helicobacter pylori (H pylori) infection (mean±SD)

                                              IL-1B-511 genotype

                                            C/C (n = 97)             C/T (n = 121)           T/T (n = 37)

H  pylori+       PGI                38.5 ± 6.7                  40.3 ± 7.2                38.0 ± 6.7

(n=96)             PGI/II            4.9 ± 0.4                    5.0 ± 0.4                  4.7 ± 0.31

H  pylori–       PGI                23.6 ± 4.3                  24.0 ± 5.0                23.5 ± 3.5

(n=159)           PGI/II            5.0 ± 0.3                    4.9 ± 0.3                  4.9 ± 0.4

F = 3.7, P = 0.03 (PT/TvsC/T = 0.008, PT/TvsC/C = 0.04).

Relationship between IL-1B-511 gene polymorphism and 
IL-1B mRNA expression
In H pylori-negative individuals, the levels of  IL-1B mRNA 
expression were markedly decreased in the gastric antrum, 
and similar among each genotype. However, in H pylori-
positive subjects, IL-1β mRNA expression was significantly 
increased, but there was no difference among C/C, C/T, 
or T/T genotype (Figures 1 and 2)
    Furthermore, in the individuals without H pylori-
infected corpus, no significant difference was detected in 
the expression of  IL-1β mRNA among the genotype in 
IL-1B-511 single nucleotide polymorphism. In H pylori 
infection corpus, however, the level of  IL-1β mRNA was 
higher. Individuals with T/T genotype had remarkably 
increased IL-1B mRNA than those with C/C or C/T 
genotype. No difference in IL-1B mRNA levels was 
observed between C/C and C/T genotypes. Meantime, we 

discovered a carrier of  both IL-1B-511 T/T and –31 T/T 
genotypes, which had the highest IL-1B gene expression 
among all the subjects (Figures 1 and 2).
     

                 
                  

 

                 1        2        3       4       5        6       7

Figure 1  Expression of IL-1βmRNA in antrum Lane 1: a standard DNA ladder, 
lane 2: C/C genotype without H pylori infection, lane 3: C/T genotype without 
H pylori infection, lane 4: T/T genotype without H pylori infection, lane 5: C/C 
genotype with H pylori infection, lane 6: C/T genotype with H pylori infection, lane 7: 
T/T genotype with H pylori infection.

                 

               
Figure 2  Expression of IL-1βmRNA in corpus. Lane 8: a standard DNA ladder, 
lane 7: C/C genotype without H pylori infection, lane 6: C/T genotype without 
H pylori infection, lane 5: T/T genotype without H pylori infection, lane 4: C/C 
genotype with H pylori infection, lane 3: C/T genotype with H pylori infection, lane 
2: T/T genotype with H pylori infection, lane 1: T/T genotype of -511 and -31 with H 
pylori infection.

IL-1B-511 genotype and gastric fluid analysis
In basic condition (basic acid output), gastric acid secretion 
was similar between H pylori-negative and -positive 
subjects (5.1±1.0 vs 5.2±1.1 mmol/h, t = 0.48), and also 
among three different genotypes (six groups comparison, 
F = 0.2, Figure 3). After a pentagastrin stimulation, there 
was no significant difference for maximal acid output 
between H pylori-negative and -positive subjects (18.3±2.3 
vs 18.4±2.0 mmol/h, t = 0.1), and among three different 
genotypes (six groups comparison, F = 0.7, Figure 4).
    pH values of  basic gastric juice and stimulated gastric 
fluid were 4.8±1.1 and 1.4±0.4, respectively. There was 
a slight increased pH value in H pylori infection subjects. 
Nevertheless, the individuals with T/T genotype did 
not show a much weaker ability to secrete hydrogen ion 
(Figure 5, F = 0.13 and 0.35).

DISCUSSION
Several studies revealed that hypochlorhydria induced 
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Figure 4   MAO in different genotypes or H pylori status

by overexpression of  IL-1B was regarded as a bridge 
to link IL-1 gene polymorphism to gastric cancer[4–7]. 
The ability of  mucosa to secrete gastric acid has been 
considered as a critical factor to decide clinical outcomes 
and bacterial description of  H pylori infection[14,15]. H 
pylori implanted predominantly in the antrum mucosa, a 
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Figure 5  pH value of BAO and MAO in different genotypes or H pylori status.

place with a higher pH value, contrarily increased acid 
environment of  corpus mucosa that resulted from a 
large number of  B lymphocytes provides a habitat for H 
pylori to grow. However, for some special individuals with 
genetic hypochlorhydria, H pylori has a chance to migrate 
from antrum to the corpus. As a result, a large ulcer area 
resulted in a decreased acid level, which accumulates 
gastric atrophy or stomach carcinoma development[9]. 
Schepp et al [16] reported that rat parietal cells express 
IL-1 receptors mediating inhibition of  H+ production. 
The antisecretory effect of  IL-1B may contribute to 
hypoacidity secondary to acute H pylori infection or during 
chronic colonization by H pylori preferring the fundic 
mucosa. Another study reported that the efficacy of  IL-
1B to inhibit parietal cell H+ production was 100-fold and 
6 000-fold higher as compared to proton pump inhibitors 
and H2 antagonists, respectively[17]. Recently, it has been 
identified that IL-1B exerts a potent function of  gastric 
acid secretion through the other molecules and protein 
kinase pathway[18,19].
    Until recently, however, no research has provided 
unambiguous and direct proofs suggesting that lower acid 
output resulted from higher IL-1B level in the human body 
except from a rodent model.
    In this study, we discovered that T/T genotype 
individuals infected with H pylori had a more decreased 
PGI/II ratio as compared with the other genotypes, which 
is partly consistent with the results reported by Furuta et 
al[6] suggesting that IL-1B-511 gene polymorphism might 
be a risk factor for gastric carcinoma. IL-1B mRNA 
expression in subjects without H pylori infection was not 
remarkable, and was similar in each genotype, showing 
that there might be a very low level of  IL-1B mRNA 
expression in normal mucosa. In contrast, the results are 
more complex in H pylori-positive individuals. There was a 
remarkable upregulation in the antrum, but no relationship 
with genotype was observed. In the corpus mucosa, 
however, the level of  IL-1B mRNA was markedly higher 
than that in the antrum mucosa. Furthermore, IL-1B-511 
T/T genotype individual had a mild increased IL-1B 
mRNA level as compared with C/T and C/C genotype. 
So, these results indicated that this mutation of  IL-1B-511 
C→T might upregulate IL-1B mRNA expression in corpus 
but not in the antrum, as these results are consistent to the 
results reported by Hwang et al[20]

    The association of  IL-1B-31 locus and IL-1B expression 
is not investigated because genetically mutated subject 
is too small (about 1%) to be collected. Fortunately, we 
found one female subject with H pylori positive and IL-
1B-511 T/T and -31 T/T genotypes simultaneously had a 
markedly increased IL-1B mRNA level in corpus but not 
in the antrum. These results suggested a cooperative effect 
between –511 and –31 locus in IL-1B mRNA expression. 
These findings are also in agreement with the previous 
results reported by El-Omar et al[4] and Hwang et al[20]

     We discovered that in basic or pentagastrin stimulation 
condition, gastric acid secretion was similar between 
H pylori-negative and -positive subjects. Acid secretion 
function did not show a marked heterogeneity among 

Figure 3   BAO in different genotype or H pylori status
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three different genotypes of  IL-1B-511. This data denoted 
that higher IL-1B level does not make a strong impact on 
gastric acid output. So, previous hypothesis that H pylori 
infection leads to IL-1B mRNA overexpression in IL-
1B-511 T/T genotype, thereby directly inhibits gastric acid 
secretion is impossible, at least in vivo, in low gastric cancer 
prevalence region.
    Hence, we inferred that the other pathways (such 
as chronic inflammatory process[21]), but not low acid 
secretion regulated by IL-1B (a pre-inflammatory factor), 
lead to mucosal atrophy. Our results, also taking into 
consideration the reports of  several studies, suggested 
that IL-1B gene polymorphism was a susceptibility 
factor to gastric carcinoma in population-based studies. 
Furthermore, Lundell et al[21,22] have reported that acid-
suppressive therapy maintained for 3 years facilitates 
neither the development of  gastric glandular atrophy 
of  the corpus mucosa nor the occurrence of  intestinal 
metaplasia in H pylori-infected GERD patients. Fox et al[23] 
argued that coca leaf  chewers (added with slaked lime or 
ash) did not have a higher prevalence of  H pylori infection, 
or a higher rate of  progression to gastric atrophy. So, we 
propose a new hypothesis that IL-1B gene polymorphism 
acts as a gastric cancer risk factor via upregulating IL-1B 
expression but downregulating acid secretion.
    The individuals included in our study had a strong 
physiological captivity of  acid output in the gastric mucosa 
as their age ranged from 19 to 24 years. This might 
be the reason that acid secretion levels were not seen 
significantly different between upregulated IL-1B mRNA 
and unchanged IL-1B mRNA groups. But using younger 
population in the present study is not unreasonable. As 
we know H pylori infection and genetic background play 
crucial roles in carcinogenesis beginning from early age. 
Further studies, however, should focus on larger age-range 
subjects or on other races to identify our results.
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Abstract
Papillary carcinoma arising from the extrahepatic bile 
duct often shows superficial ductal spread. We report 
herein the case of a patient with extensive superficial 
spread of non-invasive papillary cholangiocarcinoma, 
which was depicted with peroral cholangioscopy. A 
65-year-old woman presented with the sudden-onset 
of severe epigastric pain. Ultrasonography revealed 
acute acalculous cholecystitis. Endoscopic retrograde 
cholangiography found small protruding lesions around 
the confluence of the cystic duct, suggestive of a 
cholangiocarcinoma. As the contour of the middle 
and upper bile ducts it was slightly irregular on the 
cholangiogram, the presence of superficial ductal spread 
was suspected. Peroral cholangioscopy revealed small 
papillary lesions around the confluence of the cystic 
duct and fine granular mucosal lesions in the middle and 
upper bile ducts and the right hepatic duct, suggesting 
a superficially spreading tumor. A right hepatectomy 
with bile duct resection was performed and no residual 
tumor was found. Histological examination revealed a 
non-invasive papillary carcinoma arising from the cystic 
duct with extensive superficial spread. Our experience 
of this case and a review of the literature suggest that a 
fine granular or fine papillary appearance of the ductal 
mucosae on cholangioscopy indicates superficial spread 
of papillary cholangiocarcinoma, for which peroral 
cholangioscopy is an efficient diagnostic option.

 ©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Papillary carcinoma arising from the extrahepatic bile 
duct often shows superficial ductal spread[1]. Peroral 
cholangioscopy, introduced in the 1970s by Rosch et al[2] 

and Nakajima et al[3], provides direct visualization of  
the biliary ducts. We report herein the case of  a patient 
with extensive superficial ductal spread of  non-invasive 
papillary cholangiocarcinoma, which was depicted with 
peroral cholangioscopy.

CASE REPORT
A 65-year-old woman presented with the sudden-onset 
of  severe epigastric pain. No jaundice was observed 
on physical examination, and the serum total bilirubin 
level was 0.6 mg/dL (reference range: 0.3-0.9 mg/dL). 
The serum levels of  carcinoembryonic antigen and 
carbohydrate antigen 19-9 were 0.7 ng/mL (reference 
range: 0-6 ng/mL) and 6 U/mL (reference range: 
0-37 U/mL), respectively.

Ultrasonography revealed acute acalculous cholecystitis, 
for which percutaneous cholecystostomy was performed. 
Endoscopic retrograde cholangiography found small 
protruding lesions around the confluence of  the cystic 
duct, suggestive of  a cholangiocarcinoma (Figure 1). Smear 
cytology of  the ductal bile aspirated during endoscopic 
retrograde cholangiography revealed that exfoliated 
cells were categorized into Papanicolaou class II. As the 
contour of  the middle and upper bile ducts was slightly 
irregular on the cholangiogram, the presence of  superficial 
ductal spread was suspected. In order to confirm this, 
peroral cholangioscopy using a fiberoptic endoscope
(CHF-B20QY, Olympus, Tokyo, Japan) was performed, 
and both small papillary lesions around the confluence of  
the cystic duct (Figure 2) and fine granular mucosal lesions, 
brownish in color, in the middle and upper bile ducts were 
revealed, suggesting a superficially spreading tumor. Such 
mucosal lesions were also seen in the right hepatic duct 
(Figure 3).

After laparotomy, a bile duct resection with regional 
lymphadenectomy was performed. As the resection margin 
at the right hepatic duct was positive for in situ carcinoma 
on frozen-section examination, a right hepatectomy 
was additionally performed and no residual tumor was 
found. Histological examination of  the resected specimen 
revealed a non-invasive papillary carcinoma arising from 
the cystic duct, with superficial spread extending up to the 
right anterior sectoral duct (pathologic T1N0M0, Stage IA, 
according to the tumor-node-metastasis staging system[4]). 
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Figure 3   Peroral cholangioscopy of the interior of the right hepatic duct. A: 
Fine granular mucosal lesions, brownish in color, are scattered, suggesting 
the presence of papillary in situ carcinoma. The flat mucosae between the fine 
granular lesions, which appear normal on cholangioscopy, corresponded to non-
papillary in situ carcinoma histologically. The lower part of this figure is fogged 
owing to halation. B: Schematic representation. The dotted areas indicate the fine 
granular lesions.

Fine granular mucosal lesions on peroral cholangioscopy 
(Figure 3) corresponded to papillary in situ carcinoma 
histologically, whereas the flat mucosae between the fine 
granular mucosal lesions, which appeared normal on 
cholangioscopy (Figure 3), corresponded to non-papillary 
in situ carcinoma. The patient remains healthy, with no 
evidence of  recurrence 7 years after the resection.

Figure 1  Endoscopic retrograde cholangiography. The cystic duct is poorly 
opacified with small protruding lesions around the confluence of the cystic duct 
(arrow). An 8-Fr pig-tail catheter (C) is inserted into the gallbladder.

C

Figure 2  Peroral cholangioscopy shows a small papillary lesion (arrow) around 
the confluence of the cystic duct.

DISCUSSION

Nimura and Kamiya[5,6] demonstrated, by means of  
percutaneous transhepatic cholangioscopy, that a fine 
granular or fine papillary appearance of  the ductal mucosae 
indicates superficial spread of  cholangiocarcinoma. In 
the current case, the fine granular mucosal appearance on 
cholangioscopy corresponded to papillary in situ carcinoma 
histologically. It is very likely that a fine granular or 
fine papillary mucosal appearance on cholangioscopy is 
pathognomonic of  superficial ductal spread of  papillary 
cholangiocarcinoma.

The ductal resection margin status is an established 
prognostic factor in patients with extrahepatic cholangio-
carcinoma[7,8]. Although intraductal ultrasonography is 
helpful in discerning T category of  biliary malignancies[9], 
the extent of  the superficial spread of  cholangiocarcinoma 
is difficult to determine preoperatively on imaging 
studies[5,10,11]. In the current case, although peroral 
cholangioscopy detected papillary in situ carcinoma in the 
form of  fine granular lesions, it did not detect the non-
papillary in situ carcinoma between the lesions, suggesting 
that cholangioscopy is incapable of  detecting flat ductal 
spread of  in situ carcinoma. Intraoperative frozen-section 
examination is indispensable in assessing the ductal 
resection margin status.

In conclusion, a fine granular or fine papillary appeara-
nce of  the ductal mucosae on cholangioscopy suggests 
superficial spread of  papillary cholangiocarcinoma, for 
which peroral cholangioscopy is an efficient diagnostic 
option, unless the superficial lesions are flat.
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Abstract
Internal herniation of the small bowel is a relatively rare 
cause of intestinal obstruction. Left paraduodenal hernia 
resulting from abnormal rotation of the midgut during 
embryonic development is the most common form of 
congenital internal hernia. We report our experience 
in the diagnosis and management of a young male 
with left paraduodenal hernia presenting as recurrent 
intestinal obstruction. Correct preoperative diagnosis 
of left paraduodenal hernia had been difficult due to 
non-specific clinical presentations, but the advent of 
modern imaging technology makes early and correct 
diagnosis possible. Due to the risk of obstruction and 
strangulation, surgical treatment is indicated; however, 
timely intervention increases the likelihood of a favorable 
outcome.

© 2005 The WJG  Press and  Elsevier  Inc.  All rights  reserved.

Key words: Internal hernia; Paraduodenal hernia; Small 
bowel obstruction

Huang YM, Chou ASB, Wu YK, Wu CC, Lee MC, Chen 
HT, Chang YJ. Left paraduodenal hernia presenting as 
recurrent small bowel obstruction. World J Gastroenterol 
2005; 11(41): 6557-6559
http://www.wjgnet.com/1007-9327/11/6557.asp

INTRODUCTION
congenital internal hernias, paraduodenal hernias are the 
most common and account for 25%-53% of  all cases[2]. 
Paraduodenal hernias result from abnormal rotation of  the 
midgut during embryonic development and can be divided 

into two subtypes, left and right paraduodenal hernias, 
according to their distinct pathogenesis and the resultant 
anatomical derangement. Correct preoperative diagnosis 
of  paraduodenal hernia was once difficult, because of  
its non-specific presentations; however, with the advent 
of  modern imaging technology, more information can 
be gained regarding the anatomical characteristics of  
the underlying lesion and allow for better treatment 
planning. We present our experience in the diagnosis and 
management of  a patient with left paraduodenal hernia 
presenting as recurrent intestinal obstruction, as well as a 
brief  review of  the literature.
 

CASE REPORT
The patient was a slim 24-year-old male who visited 
our emergency room because of  intermittent epigastric 
abdominal pain associated with bilious vomitus during 
the previous few hours. He had no history of  previous 
abdominal surgery, but had a similar episode with pain 
and vomiting about 6 mo before. He had lost about 10 kg 
during that period. Physical examination revealed a non-
tender, mildly distended abdomen with hyperactive bowel 
sounds. The only remarkable finding on plain abdominal 
film was loops of  a dilated small bowel. Initial abdominal 
computed tomography (CT) revealed a mass lesion of  soft 
tissue density located between the stomach, the pancreas, 
and the transverse colon (Figure 1A). For better elucidation 

Figure 1 A: Computed tomography (CT) showing a soft tissue mass between the 
stomach, the pancreas, and the transverse colon (arrow); B: Upper gastrointestinal 
series showing a cluster of jejunum interposing between the stomach and the 
spine; C: The mass proved to be a cluster of intestinal loop after ingestion of 
contrast medium.
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of  the character of  the mass lesion, we performed an 
upper gastrointestinal series with small intestinal follow-
through, which revealed loops of  jejunum clumping over 
the left upper quadrant of  the abdomen (Figure 1B). The 
mass lesion proved to be a cluster of  jejunum on follow-
up CT (Figure 1C). The patient underwent surgery with 
a tentative diagnosis of  left paraduodenal hernia with 
small bowel obstruction. Exploratory laparoscopy and 
laparotomy revealed that the jejunum did not emerge from 
the usual position at the base of  transverse mesocolon; 
instead, only loops of  the small bowel were visualized 
beh ind a th in l aye r o f  pe r i toneum (Figure 2A). 
Further exploration revealed that the jejunum exited from 
an aperture of  about 15 cm caudal to the usual location of
Treitz’s ligament. The initial 10 cm of  intraperitoneal 
jejunum ran parallel and was adherent to both the inferior 
mesenteric artery (IMA) and the inferior mesenteric vein 
(IMV), which constitute the anterior rim of  the orifice 
(Figure 2B). A 25 cm long segment of  jejunum had 
herniated through the orifice into the space behind the 
descending mesocolon. We manually reduced the herniated 
bowel loops after opening the anterior wall of  the hernial 
sac by dividing the adhesion between the jejunum and 
the IMV. We then closed the orifice of  the hernial sac 
around the jejunum with interrupted 3-0 silk sutures 
(Figure 2C). The patient tolerated the procedure well 
and recovery was uneventful postoperatively. Follow-up 
upper gastrointestinal series revealed the smooth passage 
of  contrast medium without evidence of  abnormal 
aggregation of  the small bowel.

DISCUSSION
Left paraduodenal hernia is about three times more 
frequent than its right counterpart, and is reported to occur 
three times more often in men[3]. As mentioned previously, 
left paraduodenal hernia usually results from abnormal 
rotation of  the midgut. In the 5 th wk of  embryonic 
development, the rapidly elongating midgut herniates 

into the umbilical cord. Later, the herniated midgut 
undergoes a counter clockwise rotation of  90° around the 
superior mesenteric artery (SMA), leaving the prearterial 
limb on the left side. The herniated intestinal loop, first 
the prearterial then the postarterial limb, returns to the 
abdominal cavity by the 10th week. During this process, 
the intestinal loop undergoes another 180° countercloc 
kwise rotation. In the end, the prearterial limb lies left to 
the SMA and the postarterial limb lies superior and right 
to the SMA[4]. Under normal circumstances, fusion of  the 
mesocolon with the peritoneum of  the body wall follows 
this process. Failure of  the fusion to take place in time 
leaves a potential space (the fossa of  Landzert) behind 
the mesocolon. A leftparaduodenal hernia results from 
invagination of  the small intestine into this unsupported 
area through an opening bound anteriorly by the IMV and 
is established as the descending colon that seeks its normal 
attachment[2].
     Although the left paraduodenal hernia is congenital, most 
patients are recognized between the 4th and 6th decades 
of  life, and the mean age at the time of  diagnosis is 
38.5 years [3]. The most common presentations are 
those associated with small bowel obstruction and are 
nonspecific[5], ranging in severity from recurrent vague 
abdominal pain, nausea, and vomiting in partial, reversible 
obstruction to acute abdomen in cases of  incarceration 
and strangulation.

Physical examination is usually unrevealing except 
for such nonspecific findings as abdominal tenderness, 
distension, and the occasional presence of  a mass. Correct 
preoperative diagnosis has been difficult in the past, due to 
these ambiguous presentations; therefore, it is mandatory 
to maintain a high index of  suspicion in patients with 
pertinent unexplained complaints. Under emergent 
settings, diagnosis is only possible at the time of  surgery. 
In the absence of  an abdominal emergency, however, a 
variety of  diagnostic tools is available to help establish 
the correct diagnosis before surgery. Because of  the 
ambiguous clinical presentation of  this disease, a CT scan 
may be the initial tool of  investigation. A characteristic 
finding is a cluster of  small bowel loops between the 
stomach and pancreas[6,7]. In case that the trapped loops 
are collapsed and oral contrast is not used, the hernia 
contents may be mistaken for a soft tissue mass. A high 
index of  suspicion is again required to avoid inadvertent 
invasive diagnostic procedures such as CT-guided biopsy, 
which may be disastrous under such circumstances. An 
upper gastrointestinal series with small bowel follow-
through demonstrates contrast-filled loops of  small bowel 
clustering over the left upper aspect of  the abdomen, as is 
seen in our patient. Abdominal ultrasonography might also 
aid in the diagnosis of  paraduodenal hernia. Suggestive 
findings include a cluster of  bowel loops or a well-defined 
mass. Peristalsis of  the bowel loops can be appreciated and 
made more obvious with the ingestion of  water[8].

In earlier reports, the diagnosis and treatment of  left 
paraduodenal hernia tended to be delayed and the result 
of  treatment seemed to be less satisfactory[5]. With the 
diagnostic tools available today, correct diagnoses are 

Figure 2  A: Loops of small bowel behind the mesocolon. Treitz’s ligament was not 
seen. SMV: superior mesenteric vein, J: jejunum; B: the orifice through which the 
small bowel herniated (arrow). IMV: inferior mesenteric vein; C: completion of the 
repair.
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possible even in the absence of  acute symptoms, and 
treatment can commence promptly. Once diagnosed, 
left paraduodenal hernia should be surgically repaired 
because 50% of  them cause intestinal obstruction[5,9]. The 
procedure consists of  a manual reduction of  the hernia 
contents followed by repair of  the defect. If  the herniated 
intestine is difficult to reduce because of  its bulky size or 
adhesions within the sac, an incision can be made in the 
avascular portion of  the hernial sac to the right of  the 
inferior mesenteric vessels to enlarge the opening[2]. During 
this procedure, it is important to consider the relationship 
of  the inferior mesenteric vessels to the sac opening and 
to take care to avoid injury to these structures. Although 
Bartlett indicated that these vessels can be divided without 
compromising blood supply to the colon[1], they should 
be preserved whenever possible. Intestinal resection is 
necessary in cases of  strangulation and gangrene. In 
addition to the conventional “open” approach, successful 
laparoscopic repair of  left paraduodenal hernia has been 
reported by Uematsu et al[10].

In conclusion, although relatively uncommon, left 
paraduodenal hernia should be included in the differential 
diagnosis of  small bowel obstruction in patients who are 
relatively young, who have repetitive attacks, and who 
lack any history of  previous abdominal surgery. The 
combination of  a high index of  suspicion, familiarity 
with this disease entity, and modern imaging technology 

make preoperative diagnosis easier today. Timely surgical 
intervention effectively relieves the patient’s complaints 
and prevents further complications.
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Abstract
Pr imary sp l en i c ang iosa rcoma i s a ve ry ra re , 
aggressive neoplasm with a high metastatic rate and 
dismal prognosis. This neoplasm usually presents 
with abdominal pain, splenomegaly, anemia, and 
thrombocytopenia. Splenic angiosarcoma with bleeding 
gastrointestinal metastases is extremely rare. The 
literature contains only two case reports. This study 
reported a 44-year-old male patient with splenic 
angiosarcoma with sustained repeated gastrointestinal 
bleeding due to small bowel metastases. Salvage surgery 
was performed by splenectomy and resection of the 
metastatic small bowel tumors. The post-operative 
course was uneventful; the patient survived with the 
disease and had no GI bleeding, 7 mo after surgery.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Primary splenic angiosarcoma is a very rare neoplasm 
with a high metastatic rate and dismal prognosis. 
Langhans [1] f i rst ident if ied this disease in 1879. 
Presentations of  splenic angiosarcoma are extremely 
variable and frequently cause diagnostic difficulties. The 
disease usually manifests with abdominal mass, abdominal 
pain, splenomegaly, and anemia. Distant metastases can 

occur in the liver, lung, lymph node, and bone, and soft 
tissue[2]. To our knowledge, splenic angiosarcoma with 
bleeding gastrointestinal (GI) metastases is extremely 
rare. The literature contains only two case reports[3,4]. The 
present case is the first report of  splenic angiosarcoma 
metastasis to the small bowel. This work describes the 
experience of  the authors in the management of  the 
splenic angiosarcoma with bleeding GI metastases.

CASE REPORT
A 44-year-old male patient was admitted to Chang Gung 
Memorial Hospital on July 1, 2004, complaining of  severe 
lower back pain and progressively weakness in his bilateral 
lower legs for 1 mo. Subconjunctiva hemorrhage and 
gingival bleedings were noted during initial examination 
mild pale conjunctiva, hepatomegaly, and splenomegaly. 
The hematogram measured hemoglobin at 108 g/L and 
platelet at 137 000/cm3. Prothrombin and activated partial 
thromboplastin times were normal. Magnetic resonance 
imaging of  the spine identified abnormal enhancement 
at multiple bodies in the thoracic, lumbar, and sacral 
spines, which were assumed to be metastatic lesions. 
Unfortunately, the patient developed hematochezia 9 d 
after admission. Persistent passage of  tarry stools resulted 
in severe anemia (the lowest hemoglobin level was
43 g/L) and an episode of  syncope. The patient received 
transfusions of  packed RBC to a total of  12 U, before 
surgery. Both endoscopy and colonscopy failed to detect 
the site of  bleeding. Abdominal computed tomography 
showed a diffusely heterogeneous density infiltrating 
the whole spleen (Figure 1) and did not detect any GI 
tumors. The scan of  Tc-99m RBC revealed evidence of  
active bleeding in the left mid-abdominal region. The 
patient then underwent an exploratory laparotomy on July 
17, 2004. During surgery, the spleen was enlarged with 
multiple dark-red nodules on its surface (Figure 2). Intra-
operative endoscopy failed to identify any site of  bleeding. 
The serosa of  the small intestine was intact and multiple 
small hemorrhagic patches (number >5) were observed 
at the jejunum and ileum (Figure 3). Splenectomy and 
resection of  the small intestine containing hemorrhagic 
patches were then performed.

Macroscopically, the surgical specimen of  the spleen 
measured 14 cm×10 cm×9 cm with a weight of  400 g, 
and the splenic parenchyma was diffusely scattered with 
multiple, irregular sized and dark-red color nodules. 
Mucosal tumors (size <1 cm) were identified at the 
resected small intestine. Microscopically, the spleen 
revealed neoplastic sinusoidal endothelial cells with 
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counterparts of  the splenic tumors such as hemangioma 
or hemangioendothelioma[7,8]. In this case, no such risk 
factors were noted.

Splenomegaly with left-side upper abdominal 
pain occurs in over 70% of  patients with splenic 
angiosarcoma[2,5]. Anemia and thrombocytopenia are the 
frequent findings of  hematogram and are reported in 
more than 70% of  cases[5,6]. Spontaneous splenic rupture 
presenting with acute abdominal pain has been reported 
in 13%-32% of  patients[2,5,10]. Other systemic symptoms 
such as body weight loss, gum bleeding, fatigue, weakness, 
fever, chest pain, and GI bleeding have also been 
observed[2,5].

Metastases of  the splenic angiosarcoma are frequent, 
occurring in 69–100% of  cases[2,5]. The most common 
metastasis sites are the liver, lung, lymph node, bone, 
bone marrow, and soft tissue. To the best of  our 
knowledge, the present patient is the first case report of  
splenic angiosarcoma metastasis to the small bowel.

Figure 1 Abdominal computed tomography identifies an enlarged spleen with a 
heterogeneous density involving the whole spleen.

Figure 2 The splenic parenchyma is diffusely scattered with multiple, irregular 
sized and dark-red nodules.

Figure 3 Multiple small hemorrhagic patches are identified at the jejunum and 
ileum. 

Figure 4A Photomicrography of the spleen reveals neoplastic sinusoidal 
endothelial cells with marked cytological atypia (arrowhead) lining the congested 
sinusoid spaces (hematoxylin and eosin staining, 200×); B: immunohistochemical 
staining of the neoplastic cells is positive for factor XIII associated antigen 
(immunostain, 200×); C: histological examination of the specimen of small intestine 
shows metastatic neoplastic cells primarily distributed within the submucosal layer 
and focally extending to the mucosal layer (hematoxylin and eosin staining, 100
×); D: photomicrography of the intestinal vessel reveals presence of individual 
neoplastic cells (arrowhead) within the vascular lumen (hematoxylin and eosin 
staining, 400×).

marked cytological atypia lining the congested sinusoid 
spaces (Figure 4A). The tumor cells were immunoreactive 
to factor XIII associated antigen (polyclonal, 1:500, 
Calbiochem Novabiochem, CA, USA, Figure 4B). The 
neoplastic cells of  the small intestine only involved the 
mucosal and submucosal layers (Figure 4C); the muscular 
layer and serosa were intact and free of  malignancy. They 
formed anastomosing network of  sinusoids lined by 
pleomorphic endothelial cells, similar to those seen in the 
spleen. In addition, individual tumor cells were identified 
within the small vessels (Figure 4D). The diagnosis of  
primary splenic angiosarcoma with metastases of  bones 
and small intestine was confirmed.

The patient had an uneventful post-operative course. 
He received external beam radiation therapy for his bone 
pain postoperatively. He did not experience GI bleeding 
again and survived with the disease 7 mo after surgery.

DISCUSSION
PATIENTS WITH splenic angiosarcoma may occur 
at any age[2,5–7]. The mean age of  the reported patients 
was 50-60 years[2,5,6]. The pathogenesis of  splenic 
angiosarcoma remains unknown. Reported causes are 
exposed to ionizing radiation[8] or chemotherapy for 
lymphoma[9]. However, some authors believed that splenic 
angiosarcoma develops from a previously existing benign 
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Malignancies of  the small bowel can be either 
primary or metastatic. Primary small bowel malignant 
tumors are rare with the incidence of  about 1 per 100000 
and a prevalence of  0.6%[11]. Secondary neoplastic 
involvement of  the small bowel is more frequent than 
primary small bowel neoplasm by hematogenous spread, 
direct invasion or intraperitoneal seeding[12]. Metastatic 
malignant tumors from the colon, ovary, uterus, and 
stomach generally invade the small bowel via direct 
invasion or intraperitoneal spread. The breast cancer, 
lung cancer, and melanoma usually metastasize to the 
small bowel hematogenously. Based on the operative and 
histopathologic findings, this case is the first report of  
small bowel metastases from the splenic angiosarcoma 
via hematogenous route.

The prognosis for splenic angiosarcoma is typically 
very dismal with a 6-mo survival for only 20% of  
cases[2,4]. Notably, survival of  pediatric patients was 
reported as extremely poor ranging from less than 1 mo 
to 2 years[13]. However, Falk et al[5] had reported that two 
adults survived at the last follow-up, 1 with disease at 8 
years and the other disease-free at 10 years. Survival is 
favorable for early diagnosis with splenectomy before 
rupture[4,10]. Montemayor and Caggiano[14] also found that 
patients with splenic angiosarcoma had longer survival, if  
splenectomy was performed prior to rupture compared 
to after rupture (14.4 vs 4.4 mo).

  Table 1 shows only three cases including this case 
that have experienced GI bleeding due to GI metastasis 
from the splenic angiosarcoma (Table 1). In patients with 
either primary or metastatic GI angiosarcoma, repeated 
GI bleeding and the need for blood transfusion made 
them hospitalization-dependent and debilitated. These 
patients frequently die of  uncontrolled GI bleeding[15]. 
The survival of  these patients in Allison’s study ranges 
from 1 wk to 3 years after resection of  the foci[15]. No 
consensus yet exists regarding the need to treat patients 
with disseminated metastases aggressively. Nevertheless, 
salvage surgery (resection of  small bowel metastases) 
combined with splenectomy to control bleeding and 
confirm diagnosis was justified in the present case. The 
patient survived with the disease, 7 mo after surgery 
without evidence of  GI bleeding.

In conclusion, splenic angiosarcoma with bleeding GI 

metastases is extremely rare. This case is the first report 
of  metastatic small bowel malignancy from the splenic 
angiosarcoma. Salvage surgery to control bleeding due to 
the GI metastases is justified in this case.
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Table 1 Primary splenic angiosarcoma with bleeding gastrointestinal metastases

Chung[3] 1999                           54/M                              ND                                 Splenectomy                                 DOD, 10 mo
Jimenez-Heffernan[4] 1999	 						71/F	 														Colon	(splenic	flexure)	 							Splenectomy,	left		 																																DOD,	9	mo
                                                                                                                                                  hemicolectomy, radiation
 Hsu, present                           45/M                       Small bowel Splenectomy, resection of small             AWD, 7 mo
                                                                                                                                                  bowel metastases, radiation

Author/yr                                               Age/sex                Site of GI metastasis               Treatment                       Status and time of follow-up

AWD; alive with disease; DOD, dead of disease; GI, gastrointestinal; mo, months; ND, not described.
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Abstract
The author presents three cases of esophageal rupture 
during the treatment of massive esophageal variceal 
bleeding with Sengstaken-Blakemore (SB) tube. In each 
case, simple auscultation was used to guide SB tube 
insertion, with chest radiograph obtained only after 
complete inflation of the gastric balloon. Two patients 
died of hemorrhagic shock and one died of mediastinitis. 
The author suggests that confirmation of SB tube 
placement by auscultation alone may not be adequate. 
Routine chest radiographs should be obtained before and 
after full inflation of the gastric balloon to confirm tube 
position and to detect tube dislocation.

© 2005 The WJG  Press and  Elsevier  Inc.  All rights  reserved.
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INTRODUCTION
Esophageal rupture is a well-known but rarely reported 
fatal complication of  the management of  bleeding 
esophageal varices with the Sengstaken-Blakemore (SB) 
tube[1]. Described below are three cases of  fatal esophageal 
rupture with striking radiographs showing the gastric 
balloon of  the SB tube inflated in the thoracic cavity. 
A routine pre-inflation chest radiograph should have 
prevented esophageal perforation due to malposition of  
the SB tube in these cases.

CASE REPORTS

Case 1
A 38 -yea r-o ld man was admi t t ed w i th mas s ive 
hematemesis. On physical examination, his blood pressure, 
pulse rate, respiratory rate, and temperature were 86/50 
mmHg, 126 bpm, 24/min, and 37.3 °C, respectively. 
Pale conjunctivae, icteric sclera, splenomegaly, and 
spider angiomata were also observed. Resuscitation was 
started with normal saline, packed red cells and platelet 
concentrates. When stabilized, an emergency esophago-
gastroduodenoscopy was performed, which revealed active 
bleeding from ruptured esophageal varices.
   Despite aggressive therapies with f luids, blood 
components and full-dose terlipressin, the patient 
deteriorated into coma due to hemorrhagic shock. He was 
moved to the intensive care unit (ICU) for insertion of  
an SB tube. Endotracheal intubation was accomplished to 
secure airway before the procedure. A chest radiograph 
taken soon after tracheal intubation and inflation of  the 
gastric balloon to 300 mL showed a radiolucent area 
behind the heart (Figure 1). The gastric balloon was 
immediately deflated and the SB tube removed (2 h after 
insertion). A repeated chest radiograph revealed massive 
left hemothorax. As the patient was deemed unfit for 
surgery, he was treated conservatively. The patient died 
when a further episode of  massive hematemesis developed 
44 h after admission.

Figure 1 Chest radiographs indicating gastric balloon of SB tube, behind the heart 
shadow.
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Case 2
A 49-year-old man was admitted to the ICU due to 
uncontrolled hematemesis from ruptured esophageal 
varices and hepatic encephalopathy. Physical examination 
showed that he was in deep coma (Glasgow coma scale 
of  E2M1V1) and severe hypotension (BP 60/40 mmHg). 
Rapid endotracheal intubation followed by insertion of  
an SB tube was performed without difficulties. However, 
a chest radiograph ordered to check tube positions 
demonstrated a radiolucent circle (the gastric balloon) 
within the left hemithorax (Figure 2). The patient died of  
shock-related multiple organ failure on the third day of  
admission.

Case 3
A 43-year-old male alcoholic was treated in the ICU for 
convulsions due to decompensated hepatic cirrhosis with 
grade IV encephalopathy. He was tracheally intubated with 
a Glasgow coma scale of  E2M2VT. His vital signs were 
within the normal limits. However, he suffered a massive 
hematemesis on the third day of  admission, which was 
the result of  ruptured esophageal varices. An SB tube was 
inserted and a chest radiograph later showed a radiolucent 
area within the lower mediastinum (Figure 3). The patient 
developed fever, leukocytosis and shock in the following 
days and a chest computer tomography (CT) revealed 
findings compatible with mediastinitis. He died of  sepsis 
12 d after the admission.

DISCUSSION
The management of  acute bleeding episodes from 
r uptured esophagea l var ices cons is ts of  volume 
replacement, pharmacological, mechanical (balloon 
tamponade), and surgical modes of  arresting hemorrhage. 
While balloon tamponade using SB tube is effective 
in achieving initial hemostasis, it has a significant 

complication rate. The most common complications of  
esophageal balloon therapy for varices include aspiration, 
esophageal perforation, and pressure necrosis of  the 
mucosa[2]. The exact incidence of  complications is difficult 
to determine, as it varies with the skill and experience 
of  the surgical team, the duration of  treatment, and the 
status of  the patient. Aspiration of  secretions is the most 
common complication of  balloon tamponade, occurring 
in approximately 10%-20% of  cases[3].
   As described in past literature, cases with esophageal 
perforation can occur as a result of  difficult SB tube 
inser tion[4], retching and vomiting[5], and repeated 
endoscopic sclerotherapy[6]. In each of  our cases, the 
SB tube was inserted without documented difficulties. 
Intragastric position was confirmed with auscultation. 
A radiographic localization of  the SB tube before full 
inflation of  the gastric balloon was ignored. The diagnosis 
of  esophageal perforation in each case was confirmed by a 
follow-up chest radiograph taken after full inflation of  the 
gastric balloon. Though uncommon, esophageal rupture 
due to SB tube misplacement carries a high incidence 
of  mortality from hemothorax or septic mediastinitis, as 
demonstrated in our patients.
    In conclusion, following insertion of  the SB tube, 
confirmation of  tube placement by auscultation alone 
may not be adequate. Routine chest radiographs should 
be obtained before and after full inflation of  the gastric 
balloon to confirm correct tube position and to detect 
tube dislocation as soon as possible.
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