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      When a new medical journal is launched, the reaction is
frequent: Why? Do we have already so much to read that we
feel overwhelmed?  But, the litmus test of a good new journal
is: Does it find its way into the reading time of physicians and
medical scientists? The new World Journal of Gastroenterology
has the opportunity to pass that litmus test.
     We already have excellent journals of gastroenterology. All
have originated as local publications. Some have reached an
international status because of the quality of the published
materials. Clear examples in the Western world are journals
originated in Great Britain, Scandinavia and the United States
of America. But they all keep their original flavor which permeates
their published materials and reflects mostly the experience
and the interest of physicians in the countries they represent.
    Gastroenterologists, as most clinicians, tend to draw
conclusions from their own experience, which they tend to
generalize to “the world”. That experience represents the pattern
of diseases in their community. But gastrointestinal diseases
display radically different patterns in different populations. In
the case of cancer, for instance, the incidence of cancers of the
colon, liver, biliary system, and stomach displayed rates in
some populations that were several times higher than in other
populations, as regularly published and illustrated by the
International Agency for Research on Cancer[1].
      The phenomenon is well illustrated by gastric cancer and
its precursor lesions. Their morphologic characteristics were
first masterfully described and illustrated by European pioneers
such as Faber, Fenwick, Magnus and Kupfer approximately a
century ago[2-5]. In those days pernicious anemia was a major
medical problem in Europe and was, with good reasons, linked
to gastric carcinogenesis. At the present time pernicious anemia
has drastically decreased in frequency perhaps due to improved
nutrition and sanitation. However, the genes for the predisposition
to the syndrome remain in the population. The type of gastric
adenocarcinoma originally described in association with
pernicious anemia (the papillary type, located in the corpus)
has become very rare[6]. But it is entirely possible that the genes
that predispose to pernicious anemia in one set of environmental
conditions may manifest themselves as a different disease in
another set of conditions. It has been suggested in populations
susceptible to pernicious anemia, the initial trigger for chronic
gastritis may be Helicobacter pylori infection. In such populations
gastritis may be severe in the corpus leading to atrophy of the
oxyntic mucosa[7].
      Most clinicians attending only populations of non-European

extraction have never seen a case of pernicious anemia. The
genes linked to that disease are either rare or not present in their
population and gastritis associated with Helicobacter pylori in
their patients is multifocal but antral predominant, with minimal
or absent corpus involvement. Some medical writers concentrated
on corpus atrophy as a cancer precursor and ignore the gastric
antrum[8]. They might not appreciate that outside Europe, most
gastric cancer precursors were predominantly in the antrum,
not in the corpus.
      Some publications insist that the high cancer risk gastritis
phenotype depends on the grade and activity of gastritis in the
corpus. The general experience presently showed that the
antrum and the antrum-corpus transition zones (mostly the
area of the incisura) were the sites of the most advanced lesions,
including intestinal metaplasia, dysplasia and carcinoma[9].
      The Jarvi-Lauren classification of tumors as “intestinal” or
“diffuse” has been challenged. Some reports have concluded
that gastric carcinomas may arise as “gastric type” and later
convert to a mixed type, expressing gastric and intestinal mucins.
It has been suggested that stem cells, from which carcinomas
are supposed to arise, are “primarily gastric type” (meaning
they encode for gastric mucins only)[10]. Normal stem cells have
a minimal amount of acid (intestinal) mucins, indicating repressed
genes and explaining their multi-potential characteristics[11].
Obviously the ultimate mechanism of carcinogenesis is not
well understood. An attractive hypotheses has been recently
discussed by Kirchner et al.[12]. They presented scientific evidence
in support of a mechanism of carcinogenesis based on atrophy
(loss of differentiated cells) followed by re-differentiation of
stem cells, which may be abnormal. This would explain the
carcinogenic process of the gastric and cardiac mucosae. After
atrophy, the so-called complete intestinal metaplasia expresses
preferentially small intestinal (sialic) mucins. Later the so called
“incomplete” metaplasia appears and expresses several types
of mucins, including gastric MUC-5AC and MUC-6, small
intestinal MUC-2 and large intestinal DAS-1[13]. These findings
do not support gastric carcinoma classification based on mucin
expressions as “gastric”, “intestinal” or “mixed”. Mucins expressed
by pre-neoplastic and neoplastic cells represent abnormal re-
differentiation which is not a permanent but rather a represent
dynamic expression of mucin genes present in stem cells.
      We hope that the World Journal of Gastroenterology will
minimize the “provincial” bias and inspire the authors to be
less dogmatic and more eclectic. We also hope that future authors
adopt some of the basic teachings of epidemiology. For example,
(1) Disease patterns are strongly influenced by the geographic
and demographic characteristics of the populations under study.
The local experience may not be applicable to all populations.
Frequently, more than one demographic group share the same
geography, comparison of such groups offers opportunities
for etiologic research. (2) Disease frequency determines
population risk and there are clear rules to assign causality. As
an example, cancer frequency is often measured in the number
of cases per 100 000 populations. Invasive gastric carcinoma is
the final stage of a prolonged precancerous process involving
chronic gastritis, atrophy, metaplasia and dysplasia. As in
precancerous processes in other organs, the earlier stages are
very frequent but less predictive of eventual neoplastic
outcomes. Later stages have a lower prevalence in the
population but are better indicators of cancer risk. Let us
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remember that the skin of all people is exposed to the effects of
sun rays which may lead to several degrees of actinic damage.
But very few develop skin cancer. Large cohorts observed for
many years may provide more valid data than small cohorts
followed-up for a few years. Large cohorts have been reported
in Finland, Yugoslavia and Japan[14-16]. (3) As in all medical
sciences, epidemiologic observations may be biased. But
epidemiologists have figured out how to deal with bias. Causal
vs non-causal associations are distinguished by epidemiologic
criteria such as strength, consistency, temporality, and plausibility
of the associations.
     Recent advances in medicine and biology have made it
possible to depend less on experimental animals to test
causality. Molecular changes can be traced in human cells,
tissues and fluids, but molecular techniques are not an end in
themselves. Clinicians and medical scientists should remember
that these new techniques are merely tools to explore causality
in human beings. The new science of molecular epidemiology
in some way should make molecular biologists use the
epidemiologic techniques to analyze their findings. Similarly,
classical epidemiologists need to become acquainted with the
new powerful tools provided by molecular biologists. More
than ever, multidisciplinary teams are needed to make real
progresses in our understanding of the complex processes of
carcinogenesis.
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Abstract

AIM: To investigate the relationship between p53 codon
72 polymorphism and human papillomavirus (HPV) type
16 infection in Kazakh’s esophageal cancer (EC) in Xinjiang,
China.

METHODS: Encoding regions of p53 codon 72 and HPV-16
E6 were amplified by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) and polymerase
chain reaction (PCR) methods using pairs of primary
esophageal squamous cell carcinoma (SCC) tissue and
corresponding normal mucosa, which were collected from
104 patients of Kazakh in Xinjiang, China.

RESULTS: Only arginine allele was detected in 70.1% (39/55)
of HPV-16-E6- positive cases but only in 40.8% (20/49) of
HPV-16-E6-negative cases (P<0.05; OR, 3.53; 95% CI,
1.57-7.98). In contrast, such a significant correlation
between p53 polymorphism and HPV infection was not
evident in corresponding normal mucosae. The allele
frequency of Arg allele in cancer cases (0.68) was higher
than that in normal mucosa samples (0.54) (P<0.05; OR,
1.80; 95% CI, 1.21-2.69).

CONCLUSION: p53 codon 72 Arg homozygous genotype
is one of the high-risk genetic factors for HPV-associated
SCC of Kazakh. Individuals carrying Arg allele compared
to those with Pro allele have an increased risk for
esophageal SCC.
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INTRODUCTION
Esophageal cancer is common in several areas of central Asia,
including Xinjiang Uygur Autonomous Region,China. The
incidence of Kazakh’s EC is the highest among population in
Xinjiang and its age-adjusted mortality rate up to 91/100 000

has been reported in Kazakh’s population[1]. The population
size of Kazakh was estimated to be 13 million around the world
and 10 million Kazakh distributed in Kazakhstan and 2 million
in Xinjiang, China. The population in the present study was a
Kazakh isolated community located at the Northeast of Xinjiang.
The genetic homogeneity and geography stability of the
population, along with shared exposure to common environmental
variables, provide an excellent opportunity for the study of
genetic influence on EC.  These cancers are mostly SCC , and
show a high frequency of mutation in the p53 tumor suppressor[2].
Epidemiological studies have suggested that a number of risk
factors are involved in the carcinogenesis of Kazakh’s SCC,
including deficiencies in vitamins and minerals, consumption
of pickled foods and environmental exposure to specific
nitrosamines, etc [3,4].  Viral infections, in particular HPV infection,
have been reported in esophageal cancers from China, and
HPV DNA has been detected in 0-60.0% of cancer tissues by
polymerase chain reaction analysis[5,6]. HPV is implicated in the
pathogenesis of squamous cell carcinoma of the cervix and
esophagus. HPV-16 encodes E6 protein, which binds to cellular
tumor-suppresser protein p53 and directs degradation through
the ubiquitin pathway[7]. This event is mediated by another
cellular protein termed E6-AP, a component of the ubiquitin
pathway[8,9]. The arginine allele at codon 72 of p53 was found
to be more susceptible to degradation by HPV E6 protein than
the proline allele in vivo, thus resulting in a high frequency of
esophageal SCC in individuals homozygous for arginine at the
codon[8]. On the basis of these experiments, it has been widely
assumed that p53 is functionally inactivated by the viral E6
protein in HPV-associated cancer cells and that infection with
high-risk HPV types leads to the same phenotype as a loss of
p53 function because of p53 gene mutations or direct
degradation[9].The association of p53 codon 72 polymorphism
with HPV-16-associated esophagus SCC risk has been studied
by several groups but with inconsistent results. Kawaguchi
et al.[10] reported that the form of p53 protein carrying an Arg
residue at this position in HPV-16/18 positive samples was
found to be significantly more susceptible to degradation by E6
protein than that in HPV-16/18 negative samples. There are
controversial results from several clinical studies of esophagus
SCC[11,12]. A part of Kazakh’s esophageal SCC correlated
with the presence of HPV-16/18[13]. To our knowledge, p53
polymorphism in Kazakh’s esophageal SCC has apparently not
been documented. In this study, we investigated the genotypic
frequency of p53 codon 72 polymorphism and HPV-16 E6 in
Kazakh’s esophageal SCC patients in Xinjiang, China. The data
we obtained seemed to be the first regarding the association of
this polymorphism with HPV-associated risk for cancer of the
esophagus.

MATERIALS AND METHODS
Tissue specimens
Pairs of primary Kazakh’s esophageal SCC tissue and
corresponding normal mucosa were obtained from 63 patients
who underwent surgery in the Department of Surgery, 1st

Teaching Hospital of Xinjiang Medical University, from 1999
to 2003, and from 41 patients who underwent surgery in



Department of Surgery, the People’s Hospital of Xinjiang Uygur
Autonomous Region, China, between 1998 and 2000. No patient
had been given treatment prior to the study. In all cases the
histopathological type of tumors was squamous cell carcinoma.
Cancer tissues and well-separated normal esophageal mucosae
obtained from surgically resected esophageal SCC patients were
fixed in 40 g/L formaldehyde and embedded in paraffin. Genomic
DNA was prepared by proteinase K digestion and phenol/
chloroform extraction, followed by ethanol precipitation, as
described by Greer et al.[14].

HPV detection and identification
First, as a control, purified genomic DNA was successfully
amplified by PCR using primers specific for the β-globin gene,
indicating a suitable quality and quantity of DNA. PCR analysis
was then performed using HPV-16 E6 oligodeoxynucleotide
primers as follows: HPV-16E6 forward, 5’-GCAAGCAACAGTT
ACTGCGA-3’ and reverse, 5’-CAACAAGACATACATCGACC
-3’. Amplified PCR products were then determined by
electrophoresis on 15 g/L agarose gels stained with ethidium
bromide. Finally, the gels were analyzed by DC-2000 image
system (Bio-Rad, USA).

Analysis of codon 72 polymorphism
p53 exon 4 (codons 33-125) containing codon 72 was amplified
by PCR using oligodeoxynucleotide primers 5’-TGAGGACC
TGGTCC TCTGAC-3’ (forward) and 5’-AGAGGAATCCCAAA
GTTCCA-3’ (reverse), under the following conditions:
denaturation at 94  for 30 s, primary annealing at 54  for
30 s, and extension at 72  for 30 s for 35 cycles. PCR products
(412 bp) were digested  overnight at 37  with Acc II, which
was cut within the sequence corresponding to the Arg codon
(CGC) at position 72 to generate two fragments of 252 bp and
160 bp[15]. The DNA fragments were then resolved by
electrophoresis on 30 g/L agarose gels stained with ethidium
bromide. Presence of uncut (412 bp) DNA was indicative of the
Pro allele and heterozygous for Arg/Pro genotypes showed
three fragments of 412, 252 and 160 bp.

Statistical analysis
Chi-square test was used to examine the correlation between
the p53 codon 72 polymorphism of the esophageal SCC patients
and the presence of HPV-16E6 by SPSS software(12.0).

RESULTS
Frequency of HPV-16E6 among Kazakh’s esophageal SCC patients
Pairs of 104 DNA sample from primary Kazakh’s esophageal
SCC tissues and corresponding normal mucosae were analyzed
for the presence of oncogenic HPV-16-E6 using PCR methods
(Figure 1). The frequency of HPV-16-E6 gene in cancer cases
(52.9%) was higher than that in corresponding normal mucosae
(39.4%) (Tables 1, 2). These results were similar to previous
reports[16].

Table 1  Arg and Pro alleles of p53 in SCCs of Kazakh’s esopha-
gus (n, %)

                                                      Pro           Pro/Arg          Arg

Esophageal SCC (n = 104) 21 (20.2)     25 (24.0)     58 (55.8)
HPV16E6 positive (n=55)   8 (14.5)       8 (14.5)     39 (71.0)a

HPV16E6 negative (n=49) 13 (26.5)      16(32.7)   20 (40.8)

aP<0.05 vs negative.

Arg allele at the codon 72 in HPV-associated esophageal SCC
PCR-RFLP was carried out on 104 DNA samples from primary

Kazakh’s esophageal SCC tissues and corresponding normal
mucosae to analyze the association between the p53 codon
72 polymorphism and HPV-associated esophageal SCC by DC-
2000 image system (Figure 2). It showed a typical pattern of
codon 72 evaluated by restriction analysis. Presence of the
Pro allele resulted in resistance of the PCR amplified DNA
fragment to digestion by Acc II. The comparision between the
distribution of p53 alleles at codon 72 in HPV-positive
esophageal SCC with the HPV-negative group is shown in Table 1.
The frequency of presence of Arg allele alone from the Kazakh’s
esophageal cancer specimens was similar (55.8%, 58 of 104) to
other population cases of esophageal cancer[10]. Moreover, there
was a marked difference in the frequency of Pro/Arg alleles
between HPV-positive and HPV-negative groups. p53 Arg allele
alone was detected in 71.0% (39/55) in the HPV-positive group,
whereas in 40.8% (20/49) in the HPV-negative group (P<0.05; OR,
3.53; 95% CI, 1.57-7.98) (Table 1). The allele frequency of Arg
alleles in cancer cases (0.68) was higher than that in normal mucosa
samples (0.54) (P<0.05;OR, 1.80; 95% CI, 1.21- 2.69).

Figure 1  Agarose gel electrophoresis of HPV-16 E6 PCR-am-
plified fragments. Lane M: 100 bp DNA ladder marker; Lane
1: negative sample; and Lane 2: positive sample.

Table 2  Arg and Pro alleles of p53 in normal mucosae of Kazakh’s
esophagus (n, %)

                                                      Pro           Pro/Arg         Arg

Normal mucosa (n = 104) 28 (26.9)     40 (38.5)   36 (34.6)

HPV16E6 positive (n = 41) 10 (24.4)     18 (43.9)   13 (31.7)

HPV16E6 negative (n = 63) 10 (15.9)     30 (47.6)   23 (36.5)

Figure 2  Restriction analysis of p53 codon 72 polymorphism.
The PCR product from the proline alleles had a single band
with a fragment of 412 bp in length. The arginine was cleaved
by Acc II, yielding two small fragments (252 and 160 bp). Lane
M: 100 bp DNA ladder marker; Lane 1: homozygous for
arginine; Lane 2: homozygous for proline; and Lane 3: di-
gested sample, heterozygous for the polymorphism.

Arg allele at the codon 72 in surrounding normal mucosae in
HPV-associated esophageal cancer
Differences in p53 polymorphism in the corresponding normal
mucosae were not significant between HPV-positive and -
negative tissues (P>0.05; OR, 0.81; 95% CI, 0.35-1.86) (Table 2).
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DISCUSSION
Infection with human papilloma virus is an important etiological
factor in the development of SCC and it has been proposed
that individuals homozygous for Arg/Arg at codon 72 of p53
are several times more susceptible to HPV-mediated cancer[10,17].
In agreement with the result, studies in India and Mexico also
found a strong increase in SCC risk associated with p53
polymorphism and the presence of HPV infection[18,19]. In China
similar research has been carried out on esophageal SCC,
ovarian carcinoma, and breast carcinoma[20]. However, several
studies conducted in different countries failed to reproduce
this observation[21-25].This polymorphism has been shown to
vary with ethnic and geographical distribution.However, its
influence has not been elucidated in the Kazakh population.
      In the present study, the frequency of HPV-16-E6 gene in
Kazakh’s esophageal SCC cases was higher than that in
corresponding normal mucosae, suggesting that there is a trend
towards an association between the carcinogenesis of Kazakh’s
esophageal SCC and the presence of HPV-16 infection. These
results were similar to previous report[16], which suggested that
infection with HPV-16 might be involved in carcinogenesis of
Kazakh’s esophageal SCC. In addition, the distribution of p53
codon 72 Arg homozygous genotype in Kazaks’s esophageal
SCC was significantly higher than that in corresponding normal
mucosae, indicating that an individual homozygous for p53
Arg would be more likely to develop esophageal SCC than a
Pro/Arg heterozygote or a Pro homozygote. Furthermore, it is
noteworthy that the distribution of p53 codon 72 Arg
homozygous genotype in HPV positive samples of Kazakh’s
esophageal SCC was at a 3.53-folds higher risk for the
development of esophageal SCC compared with HPV negative
samples. In contrast, such a significant correlation between
p53 polymorphism and HPV infection was not evident in
corresponding normal mucosae. From the above analyses, when
stratified with HPV infection, the frequency of p53 codon 72 Arg
homozygous genotype was at a 1.48-folds increased risks for
developing Kazakh’s esophageal SCC compared with p53 Arg
homozygosity (Arg/Arg) solely. Therefore, this implied p53
codon 72 Arg polymorphism in combination with HPV infection
could increase the risk of development of SCC in Kazakhs.
      p53 tumor-suppresser protein accmulates rapidly through
post-transcriptional mechanisms and is also activated as a
transcriptional factor, thus leading to growth arrest or apoptosis
when DNA damage has occurred[26]. The ubiquitin-dependent
proteolytic pathway plays a major role in selective protein
deregulation. E6 oncoprotein of oncogenic HPV-16/18 might
use  this cellular proteolytic system to target p53 protein[7] and
bind to a cellular protein of E6-AP, and the E6-AP complex might
interact with p53, resulting in the rapid ubiquitin-dependent
degradation of p53[27]. The level and half-life of p53 in E6
immortalized cell lines or in HPV-positive cervical carcinoma
cells have been reported to be generally decreased[28,29]. Certain
HPV types such as HPV-16/18 found in SCC of esophagus
suggested a model by which E6 degraded cell growth control
by elimination of the p53 tumor suppresser protein and led to
HPV-associated  esophageal SCC[10,30].
      In conclusion, the current study reveals the potential role
of the polymorphism of p53 at codon 72 in HPV-associated
carcinogenesis of esophageal SCC in Kazakh population.
Individuals carrying Arg alleles compared to those with Pro
alleles have an increased risk for esophageal SCC.
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Abstract

AIM: To investigate the inhibitory effect of ubiquitin-
proteasome pathway (UPP) on proliferation of esophageal
carcinoma cells.

METHODS: Esophageal carcinoma cell strain EC9706 was
treated with MG-132 to inhibit its UPP specificity. Cell growth
suppression was evaluated with 3-(4,5-dimethylthiazole-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. DNA
synthesis was evaluated by 3H-thymidine  (3H-TdR)
incorporation. Morphologic changes of cells were observed
under microscope. Activity of telomerase was examined
by telomeric repeat amplification protocol (TRAP) of PCR-
ELISA. Cell cycle and apoptosis were detected by flow
cytometry (FCM). DNA fragment analysis was used to
confirm the presence of apoptosis. Expression of p27kip1

was detected by immunocytochemical technique.

RESULTS: After exposed to MG-132, the growth and value
of 3H-TdR incorporation of EC9706 cells were obviously
inhibited. Cells became round, small and exfoliative under
microscope. TRAP PCR-ELISA showed that light absorption
of cells gradually decreased after exposed to 5 µmol/L of
MG-132 for 24, 48, 72 and 96 h (P<0.01). The percentage
of cells at G0/G1 phase was increased and that at S and
G2/M was decreased (P<0.01). The rate of apoptotic cells
treated with 5 µmol/L of MG-132 for 48 and 96 h was 31.7%
and 66.4%, respectively. Agarose electrophoresis showed
marked ladders. In addition, the positive signals of p27kip1

were located in cytoplasm and nuclei in MG-132 group in
contrast to cytoplasm staining in control group.

CONCLUSION: MG-132 can obviously inhibit proliferation
of EC9706 cells and induce apoptosis. The mechanisms
include upregulation of p27kip1 expression, G1 arrest and
depression of telomerase activity. The results indicate that
inhibiting UPP is a novel strategy for esophageal carcinoma
therapy.

Zhang WG, Yu JP, Wu QM, Tong Q, Li SB, Wang XH, Xie GJ.
Inhibitory effect of ubiquitin-proteasome pathway on proliferation
of esophageal carcinoma cells. World J Gastroenterol  2004; 10
(19): 2779-2784
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INTRODUCTION
Esophageal carcinoma is common in China. Previous studies
have shown that its occurrence and progression are complicated,
and are associated with the changes of multi-genes and
molecules[1-3]. The ubiquitin-proteasome pathway (UPP) is the
major system employed by eukaryotes for the selective
degradation of cellular proteins that play key roles in cellular
processes such as cell cycle regulation, differentiation, signal
transduction, gene transcription, antigen presenting and
transmembrance localization of proteins[4,5]. In this study, we
investigated the inhibitory effect of UPP on proliferation of
esophageal carcinoma cells by using specific ubiquitin
proteasome to find a new strategy for esophageal carcinoma
therapy.

MATERIALS AND METHODS
Materials
Esophageal carcinoma cell strain EC9706 was presented by
professor Ming-Rong Wang, China Academy of Medical
Sciences. MG-132 was purchased from Calbiochem Co. Ltd
(USA), and dissolved in dimethylsulfoxide (DMSO) as a 40 mmol/L
stock solution and stored at -20 . 3-(4,5-dimethylthiazole-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT) and DMSO were
bought from Sigma Co. Ltd (USA). 3H-thymidine (3H-TdR) was
provided by Beijing Atomic Power Research Institute. Telomeric
repeat amplification protocol (TRAP) ELISA telomerase
detection kit was obtained from Intergen Company (USA).
Monoclonal mouse antibody of p27kip1, ultra sensitive S-P kit,
and 3,3-diaminobenaidine (DAB) kit were purchased from
Fuzhou Maixin Biotechnology Co. Ltd. RPMI 1640 medium was
obtained from GIBCOBRL Company (USA). Low melting-
temperature agarose was obtained from Promega Company
(USA). DNA-PREPTM LPR and DNA-PREPTM stain were
obtained from America Beckman Coulter Company.

Cell culture
Human esophageal carcinoma cell strain EC9706 was maintained
in RPMI 1640 medium supplemented with 100 mL/L fetal calf
serum (FCS), 100 kU/L penicillin, 100 mg/L streptomycin and
2 mmol/L l-glutamine in a humidified incubator containing
50 mL/L CO2 at 37 , the medium was changed every 2-3 d.

MTT assay
EC9706 cells growing exponentially were chosen. Cell density
in the suspension was adjusted to 2×105 cells/mL. After addition
of 200 mL/well of the final cell suspension, 96-well plates were
incubated for 24 h. Then the cells were treated with 0.5, 1.0, 2.5,
5.0, 10, 15, 20 µmol/L (DMSO 0.5 g/L) of MG-132, respectively,
as the different observation groups. The cells treated with an
equal amount of DMSO instead of MG-132 served as the control.
The background was conducted using only cell-free culture
medium. After cultivated for 24, 48, 72 and 96 h, 10 µL of stock
MTT solution (5 g/L) was added to the cells in each well,
followed by a further incubation at 37  for 4 h. The culture
medium was carefully removed, 100 µL of DMSO was added to
each well and culture was vibrated for 20 min. The absorbance



of samples was measured three times for each group with three
wells at a wavelength of 550 nm with the enzyme linked
immunosorbent assay meter (PR 2100, SANOFI company,
France). The inhibitory rate (IR) was calculated according to
the formula: IR = [1-(absorbance of MG-132 group-absorbance
of background group)/(absorbance of control group-absorbance
of background group)]×100%.

Incorporation test of 3H-TdR
As described above, experimental group and control group
were cultured for 3 h with 100 mL/L FCS RPMI 1640, and then
for 12 h with FCS-free RPMI 1640. MG-132 and 1 µ Ci 3H-TdR
were added to each group, which was rinsed with PBS after 24,
48, 72 and 96 h and fixed with methyl alcohol and absolute ethyl
alcohol for 10 min each. Finally, 200 µL of 0.1mol/L NaOH was
added, then 200 µL of each was taken after blowing, and mixed
in 5 mL scintillation liquid for overnight. On the following day,
the count per minute (CPM) of 3H was tested three times for
each group with three wells.

Morphologic changes of cells
Morphologic changes of EC9706 cells were observed under
microscope 24, 48, 72 and 96 h after treated with MG-132 (5 µmol/L).

Telomerase assay
The cells (105-106) treated with MG-132 (5 µmol/L) for 24, 48, 72
and 96 h were collected, respectively. After addition of 300 µL
telomerase assay lysis buffer (1×CHAPS), the cells were lysed
on ice. The lysate was incubated on ice for 30 min and then
centrifuged at 13 000 g for 25 min at 4 . The supernatant (2 µL)
was  added to reaction solution containing 10 µL of TRAP
buffer, 2 units of Taq polymerase and 48 µL of DH2Oqs. PCR
was carried out through 33 amplification cycles, each cycle
consisting of denaturation at 94  for 30 s, primer annealing at
55  for 30 s, and extension at 72  for 30 s. The amplified
product was added to block/dilution buffer (250 µL), and
incubated at 37  for 30 min, and 5 µL of TRAP reactant was
then added and mixed. After incubated at 37  for 60 min, 100 µL
working solution of anti-DNP Ab was added and incubated for
30 min, then 100 µL of 3,3’,5,5’-tetramethylbenzidine (TMB)
substrate solution and 100 µL of stop reagent were added. The
absorbance value in each well was read at the wave lengths of
450 nm and 690 nm on an enzyme linked immunosorbent assay
meter. Telomerase activity was considered positive when the
absorbance value of a sample was at least 0.8 units. When
those were lower than 0.2 units, they were regarded as negative.

Flow cytometry detection
After cell cycle was synchronic, the cells of experiment group
were treated with MG-132 (5 µmol/L) for 48 h and 96 h. The
collected cells were added with DNA-PREPTM LPR and DNA-
PREPTM stain, respectively, after they were washed with PBS
and centrifuged. Cell cycle and apoptosis were detected by

flow cytometry (Epics XL, Beckman Coulter Company, USA)
and SYSTEM IITM software was used to dispose the data.

DNA ladder demonstration
As described above, the cells (7×106/sample, both attached
and detached cells) were lyzed with hypotonic lysis buffer
(10 mmol/L edetic acid, 5 g/L Triton X-100, Tris-HCl, pH 7.4) for
15 min on ice and precipitated with 25 g/L polyethylene glycol
and 1 mol/L NaCl for 15 min at 4 . After centrifugation at
16 000 g for 10 min at room temperature, the supernatant was
treated with proteinase K (0.3 g/L) at 37  for 1 h and precipitated
with isopropanol. After centrifugation, each pellet was dissolved
in 10 µL of Tris-EDTA (pH 7.6) and electrophoresed on a 17 g/L
agarose gel containing ethidium bromide. DNA ladder pattern
was identified under ultraviolet light.

Immunocytochemical staining
EC9706 cells cultured with MG-132 (5 µmol/L) for 48 h were
fixed with dimethyl ketone at 4 . The cells carrying the detected
antigen were stained following SP immunocytochemical staining
method using anti-p27kip1 as primary antibody[6]. PBS was
substituted for primary antibody as negative control.

Statistics
The data were expressed as mean±SD. The difference between
each group was analyzed by t-test. P<0.05 was considered
statistically significant.

RESULTS
Inhibitory effect of MG-132 on EC9706 cell growth
The growth of EC9706 cells treated with 0.5-20 µmol/L of
MG-132 was significantly inhibited compared with that of
control group. While the cells exposed to MG-132 for 24 h
produced a certain inhibitory effect, but only exceeding 48 h
did MG-132 show significant effect. When the dose of MG-132
exceeded 5 µmol/L, only slight increases in IR of the cells were
observed (Figure 1).

Figure 1  MTT assay of EC9706 cells after exposed to MG-132.

Table 1  Evaluation of DNA synthesis by 3H-TdR incorporation (mean±SD)

Group 24 h 48 h           72 h           96 h

Control MG-132 (µmol/L) 4 295.52±136.32 5 236.17±221.36 5 642.92±105.41           5 863.43±206.58
  0.5 3 764.68±97.37a 2 879.83±86.25b 1 918.73±76.49b           1 759.29±89.23b

  1.0 3 526.14±101.42a 2 643.29±79.38b 1 547.25±68.94b           1 366.18±52.49b

  2.5 3 402.34±93.44a 2 567.76±68.21b 1 260.37±51.27b  910.25±45.37b

  5.0 3 324.78±65.43a 2 411.56±69.34b    840.79±41.17b  517.83±41.26b

10.0 3 301.29±59.28a 2 360.40±49.28b    820.56±39.76b  498.71±40.14b

15.0 3 294.12±67.33a 2 324.25±47.30b    810.17±45.61b  485.26±37.56b

20.0 3 280.54±62.46a 2 320.60±46.83b    804.63±51.34b  476.90±38.41b

aP<0.05, bP<0.01 vs control.
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Figure 2  Morphologic changes of EC9706 cells observed un-
der microscope after treated with 5 µmol/L of MG-132. A:
control group; B: EC9706 cells treated with MG-132 for 24 h; C:
EC9706 cells treated with MG-132 for 48 h; D: EC9706 cells
treated with MG-132 for 72 h; E: EC9706 cells treated with
MG-132 for 96 h (×200).

Inhibition of DNA synthesis
The values of 3H-TdR incorporation of MG-132 group were
decreased compared with the control group (Table 1).

Morphologic changes of cells
EC9706 cells became round, small and exfoliative after exposed
to MG-132 under microscope (Figure 2).

Inhibition of telomerase activity
After treated with MG-132 (5 µmol/L) for 24, 48, 72 and 96 h,
respectively, EC9706 cells showed a gradual decrease in values
of A compared with the control group (P<0.01). Furthermore,
telomerase activity was negative (Table 2).

Table 2  Effect of MG-132 on telomerase activity of EC9706
cells (mean±SD)

Light absorption ( A )
Groups

           24 h                48 h                  72 h              96 h

Control    1.871±0.061    2.234±0.092    2.907±0.113   3.025±0.120
MG-132   0.154±0.008b   0.085±0.006b    0.072±0.004b     0.067±0.003b

bP<0.01 vs control group.

Figure 3  Cell cycle and apoptosis of EC9706 cells exposed to 5
µmol/L of MG-132. A: control group. Apoptotic sub-G1 peak
was not found; B: EC9706 cells exposed to MG-132 for 48 h.
The ratio of apoptotic cells was 31.7%; C: EC9706 cells ex-
posed to MG-132 for 96 h. The ratio of apoptotic cells was 66.4%.

Changes of cell cycle and apoptosis
The percentage of cells at G0/G1 phase was increased and that
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at G2/M and S was decreased (P<0.01). The rate of apoptotic
cells treated with 5 µmol/L of MG-132 for 48 and 96 h was 31.7%
and 66.4%, respectively (Table 3, Figure 3).

Table 3  Effect of MG-132 on cell cycle of EC9706 cells
(mean±SD, %)

          48 h                                       96 h
Groups

      G0/G1         S         G2/M      G0/G1             S         G2/M

Control  40.4±3.9  46.5±4.3 13.1±1.0  44.6±4.1   40.9±2.3 14.5±1.4
MG-132 67.5±5.1b 29.3±2.8b  3.2±0.2b 73.1±5.2b  24.6±2.1b  2.3±0.1b

bP<0.01 vs control group.

DNA ladder
Agarose electrophoresis showed marked ladders in MG-132
group, while the ladder was not detected in control group.
Furthermore, DNA fragmentation was more apparent at 96 h
(Figure 4).

Figure 4  Results of DNA agarose electrophoresis. Lane1: con-
trol group; Lane 2: EC9706 cells exposed to 5 µmol/L of MG-
132 for 48 h; Lane 3: EC9706 cells exposed to 5 µmol/L of MG-
132 for 96 h; Lane 4: 200, 400, 600, 800, 1 000, 1 200, 1 400, 1 600,
1 800, 2 000 bp ladder markers.

Figure 5  Results of immunohistochemical staining of EC9706
cells. A: control group. Immunohistochemical staining of p27kip1

protein located in cytoplasm of EC9706 cells; B: MG-132 group.

Immunohistochemical staining of p27kip1 protein located in cy-
toplasm and nuclei (×200).

Expression of p27kip1
In the control group, the cytoplasm was stained in brownish
yellow and the nuclei were stained in blue. In the experiment
group, both the cytoplasm and nuclei were stained in brownish
yellow, indicating that the expression of p27kip1 in EC9706 cells
was increased after treated with MG-132 (Figure 5).

DISCUSSION
Proteolytic degradation by ubiquitin-proteasome system involves
ATP-dependent covalent attachment of a macromolecular
chain of ubiquitin (Ub) molecules to the target protein, followed
by degradation through the multicatalytic 26s proteasome.
The conjugation of Ub, a  highly conserved 8.6 kDa protein, to
its target protein is mediated by the serial actions of three
enzymes. E1, the Ub-activating enzyme, activates Ub in an
ATP-dependent manner. E2, the Ub-conjugating enzyme,
catalyzes the attachment of Ub to the substrate protein. E3, the
Ub-ligase, serves as a scaffold between E2 and the substrate
and provides recognition specificity of the substrate[7-10]. A
protein tagged with a polyubiquitin chain is recognized and
degraded by the 26S proteasome complex. This complex is
composed of a 19S regulatory subcomplex and two 20S catalytic
subcomplexes. UPP is extensively involved in physiological
and biochemical processes. Some experiments showed that
the low expression of some anti-oncogene including p53,
p27kip1 in tumor cells was associated with the increasing activity
of ubiquitin proteasome which leads to degradation of
expression products of anti-oncogene, and have proved that
deubiquitination of p53 is an important pathway for p53
stabilization[11,12]. Moreover, the degradation accommodation
of some transcription factors was regulated by UPP, such as
NF-κB, c-fos, c-jun, c-mos, c-myc and MATa[13-17]. So UPP is
closely associated with the occurrence and development of
malignant tumor.
      Ubiquitin proteasome inhibitors include peptide aldehyde,
borofax peptide and 3, 4-dichloro isocoumarin. MG-132, also
known as carbobenzoxy-L-leucyl-L-leucyl-L-leucinal, a
reversible, effective and specific peptide aldehyde inhibitor of
ubiquitin-proteasome, could block UPP through inhibiting
ubiquitin-mediated proteolysis by binding to and inactivating
20S and 26S proteasomes[18-22].
      In our study, esophageal cancer cell line EC9706 was exposed
to MG-132 to observe whether UPP could be inhibited. We
found that the proliferation of cells was obviously inhibited in
a dose- and time-dependent manner. The results also revealed
some anti-tumor mechanisms of MG-132. First, MG-132 could
up-regulate the expression of p27kip1. p27kip1 was recently
found[23] as a anti-oncogene with function of negative regulation
of cell cycle, getting involved in the inhibitive reaction of
cytokines, inducing cell differentiation and apoptosis, enhancing
cell’s adherence and regulating the resistance to medicines for
noumenal tumors. p27kip1 protein is a cyclin dependent kinase
inhibitor (CDKI) that could block G1/S transition of cell cycle
by inhibiting the action of cyclin E-CDK2 complex and cyclin
D-CDK4 complex[24-26]. p27kip1 expression decreases in esophageal
cancer and it may correlate with the histologic differentiation.
Reduction of p27kip1 has been considered to be an independent
prognostic indicator of esophageal cancer[27-30]. The nuclear
localization signal of p27kip1 contains a protein kinase B (PKB/Akt)
consensus site at threonine 157, and phosphorylation of p27kip1

by PKB/Akt has been found to impair its nuclear import[31,32],
which is a key procedure to play its functional role[33]. We
found that p27kip1 protein localized in cytoplasm of EC9706 cells
showed low expression, but that localized both in cytoplasm
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and nuclei of EC9706 cells showed high expression after treated
with MG-132. Our previous studies[6,34] demonstrated that the
growth of EC9706 cells and tumors implanted in nude mice was
obviously inhibited, apoptosis was induced and cell cycle was
arrested in G1 phase by up-regulating p27kip1. Second, MG-132
could depress telomerase activity. The activation of telomerase
was closely associated with cyclin. It has been reported that
inhibition of UPP could not only increase the expression of
p27kip1, but also increase the expression of p53[35]. Moreover
p27kip1 and p21 regulated by p53 could inhibit cyclin and result
in decreased telomerase activity[36,37]. Third, MG-132 could
cause G1 arrest, which may be involved in changes of cell cycle
regulatory factors such as p27kip1. Fan et al.[38] obtained the
same results as ours. But Ling et al.[39] tended to consider
ubiquitin proteasome inhibitors to cause G2 arrest. The difference
may be involved in the different types of cells. The last, MG-132
could induce apoptosis, which may be closely associated with
the functions mentioned above.
       In conclusion, MG-132 can obviously inhibit proliferation
of EC9706 cells and induce apoptosis. The mechanisms include
upregulation of p27kip1 expression, G1 arrest and depression of
telomerase activity. The results indicate that inhibiting UPP is
a novel strategy for esophageal carcinoma therapy.
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Abstract

AIM: To investigate the prognostic value of the expression
of connexin (Cx) 26, 32 and 43 messenger RNA (mRNA) in
hepatocellular carcinoma (HCC) tissues.

METHODS: Using a reverse-transcriptase polymerase chain
reaction (RT-PCR), Cx 26, Cx 32 and Cx 43 mRNAs were
determined in the liver tissues of 15 controls and in HCC
tissues of 25 patients undergoing curative hepatic resection.
The patients were followed up clinically.

RESULTS: Cx 26 and Cx 32 mRNAs were significantly lower
in HCC tissues compared with controls (both P<0.01). By
multivariate analysis, a lower level of Cx 26 and Cx 32
mRNA correlated significantly with a risk of HCC recurrence
(P = 0.033) and recurrence-related mortality (P = 0.031,
P = 0.031). Cx 43 mRNA was higher in HCC tissues compared
with controls but did not correlate with postoperative
recurrence or recurrence-related mortality. Other significant
predictors of HCC recurrence included cellular dedifferentiation
(P = 0.033), less encapsulation (P = 0.050), vascular
permeation (P = 0.046), and daughter nodules (P = 0.046).
Significant variables related to recurrence-related mortality
consisted of cell dedifferentiation (P = 0.031), vascular
permeation (P = 0.048), and daughter nodules (P = 0.048).
The levels of Cx 26 and Cx 32 mRNAs correlated significantly
with cell differentiation (P = 0.031).

CONCLUSION: A low expression of Cx 26 and Cx 32 mRNAs
in HCC tissues is predictive of postoperative recurrence of
HCCs.

Sheen IS, Jeng KS, Wang PC, Shih SC, Chang WH, Wang
HY, Chen CC, Shyung LR. Are gap junction gene connexins
26, 32 and 43 of prognostic values in hepatocellular
carcinoma? A prospective study. World J Gastroenterol  2004;
10(19): 2785-2790
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a leading cause of death in
Taiwan and many Asian countries, where hepatitis B and C
have a high prevalence. During the last 10 years, efforts have
been made worldwide toward early detection and curative
surgical resection of HCC. However, despite diagnostic and
therapeutic advances, postoperative recurrence is still common[1-7].
Predicting which patients are likely to have a recurrence is a
challenge.
      Gap junctional intercellular communication (GJIC) occurs
via intercellular hemichannels, which are formed by six basic
protein subunits expressed in neighboring cells. These subunits
are called connexins (Cx)[8]. Six connexins locate around a central
pore, through which adjacent cells directly exchange low weight
molecules providing information or energy. GJIC plays important
roles in embryonic development, metabolic cooperation, growth
control, cell proliferation, and differentiation[9-12]. Many authors
believed that disorders of GJIC were involved in carcinogenesis[12-21].
       Connexin 32 (Cx 32) and connexin 26 (Cx 26) are the major
gap junction proteins in hepatocytes. Some authors have
reported that Cx 32 and Cx 43 mRNAs and their proteins
were significantly decreased in HCC tissues and cell lines. In
contrast, Cx 43 protein was increased in the hepatoma cell line
SMMC-7721[22-25].
     To the best of our knowledge, little is known about the
prognostic significance of connexin mRNA expression in the
prediction of postresection recurrence of HCCs. We conducted
this prospective study to investigate the correlation between
connexin mRNA expression in HCC tissues and postoperative
recurrence of the tumor.

MATERIALS AND METHODS
Study population
From July 1999 to August 2000, 25 (18 men and 7 women, with
a mean age of 56.4±12.6 years) of 34 consecutive patients with
HCC undergoing curative hepatectomy were enrolled in this
prospective study. The 9 patients who were excluded had a
previous hepatectomy, preoperative neoadjuvant ethanol
injection, hepatic arterial chemoembolization (TACE), or
surgical morbidity. The surgical procedures performed included
23 major resections (6 extended right lobectomies, 10 right
lobectomies, 3 left lobectomies and 4 double segmentectomies)
and 2 minor resections (single segmentectomy). Clinical details
were available from medical records on all patients (Table 1).
Connexins were assayed in both cancerous and noncancerous
liver tissues obtained at the time of resection. A control group
including 5 healthy volunteers, 5 individuals with chronic active
hepatitis without HCCs, and 5 individuals with liver cirrhosis
but no HCC also underwent liver biopsies during exploratory
laparotomies for other reasons. The surgically removed liver
samples were immediately transferred to the pathology
laboratory, dissected, frozen in liquid nitrogen, and stored at
-80  until RNA extraction. Frozen and formalin-fixed samples
of the dissected tumor and surrounding tissues were also
studied by routine pathology. No obvious ischemic change



was observed in the surrounding tissues, suggesting that the
time between removal and freezing of samples did not result in
problematic artifacts.
     After discharge, the patients were assessed regularly to
detect tumor recurrence with abdominal ultrasonography (every
2-3 mo during the first 5 years, then every 4-6 mo thereafter),
serum alpha fetoprotein (AFP) and liver biochemistry (every 2 mo
during the first 2 years, then every 4 mo during the following 3
years, and every 6 mo thereafter), abdominal computed
tomography (CT) (every 6 mo during the first 5 years, then
annually), and chest X-ray and bone scans (every 6 mo ). Hepatic
arteriography was obtained if the other studies suggested
possible recurrences. A recurrence was defined as detection of
a tumor on any imaging study.
      Clinicopathologic parameters analyzed included sex (male
vs female), age, presence of liver cirrhosis, hepatitis B virus
(HBV) infection (hepatitis B surface antigen-positive), hepatitis
C virus (HCV) infection (anti-hepatitis C virus antibody-
positive), serum AFP level (<20 ng/mL vs 20 to 1 000 ng/mL vs
>1 000 ng/mL), cirrhosis, Child-Pugh class of liver functional
reserve (A vs B), tumor size (<3 cm vs 3 to 10 cm vs >10 cm in
diameter), tumor encapsulation (complete vs incomplete or
absent), presence of daughter nodules, vascular permeation
(including vascular invasion and/or tumor thrombi in either the
portal or hepatic vein), and cell differentiation grade (Edmondson
and Steiner grades I to IV) (Table 1).

Table 1  Demographic, clinical and pathological variables in
patients with HCC undergoing curative resections (n = 25)

Variables       Patients (n, %)

Age (mean, yr)           56.4±12.6

Male 18 (72)

Child- Pugh class A

Serum AFP <20 ng/mL   3 (12)

20-103 ng/mL 10 (40)

>103 ng/mL 12 (48)

HBsAg (+) 12 (48)

Anti-HCV (+) 10 (40)

Diameter of HCC <3 cm   2 (8)

3-10 cm 10 (40)

>10 cm 13 (52)

Cirrhosis 20 (80)

Edmondson-Steiner’s grade I 11 (44)

grade II

grade III 14 (56)

grade IV

Complete capsule   9 (36)

Vascular permeation 14 (56)

Daughter nodules 13 (52)

Multinodular HCC   5 (20)

Tumor necrosis   5 (20)

Tumor hemorrhage   1 (4)

AFP: serum alpha fetoprotein; HBsAg (+): positive hepatitis B
surface antigen; Anti-HCV(+): positive hepatitis C virus
antibody; Edmondson Steiner grade: differentiation grade.

Detection of connexin mRNA in liver tissues
We chose measuring connexin mRNA instead of measuring
protein because RT-PCR was thought to provide better
quantification method than immunohistochemistry.
Extraction of RNA  Resected tissues were completely homogenized
in 1 mL of RNA-bee™ (Tel-Test, Protech Technology Enterprises

Co., Ltd, Friendswood, TX, USA), 0.2 mL chloroform was added,
and the mixture was shaken vigorously for 15 to 30 s. The
samples were stored on ice for 5 min and then centrifuged
at 12 000 g for 15 min. The supernatant was transferred to a
new 1.5 mL  Eppendorf tube, precipitated with 0.5 mL of
isopropanol for 5 min at 4 , and centrifuged at 12 000 g for
5 min at 4 . The supernatant was removed and the RNA
pellet was washed with 1 mL of isopropanol and shaken to
dislodge the pellet from the side of the tube. The pellet was
centrifuged again at 12 000 g for 5 min at 4 , the supernatant
was removed, and the RNA pellet was washed once again with
750 mL/L ethanol. The pellet was resuspended in at least 1 mL
of 750 mL/L ethanol and centrifuged at 7 500 r/min for 5 min at
4 , after which the ethanol was carefully removed. The RNA
was allowed to dry in air and then dissolved in DEPC-H2O
(50 to 100 µL) and stored at -80 .
Reverse transcription  The RNA sample was heated at 55 
for 10 min and chilled on ice. The following reagents were
then added: (1) 4 µL 5×RT buffer containing Tris-HCl (pH 8.3),
75 mmol/L KCl, 3 mmol/L MgCl2, and 10 mmol/L DTT
(dithiothreitol), (2) 3 µL 10 mmol/L dNTP (deoxyribonucleoside
triphosphate), (3) 1.6 µL Oligo-d(T)18 and 0.4 µL random
hexamers (N) 6 (1 µg/µL), (4) 0.5 µL RNase inhibitor (40 U/µL),
(5) 3 µL 25 mmol/L  MnCl2, (6) 6 µL RNA in DEPC-H2O, and (7)
0.5 µL DEPC-H2O. The mixture was incubated at 70  for 2 min
and then chilled to 23  to anneal the primer to the RNA. We
then added 1 µL of M-MLV RTase (moloney murine leukemia
virus reverse transcriptase, 200 U/µL, Promega) and the mixture
was incubated for 10 min at 23  followed by 60 min at 40 .
It was heated at 94  for 5 min, then chilled on ice. The cDNA
was stored -20 .
Amplification of connexins 26, 32, 43, and GAPDH cDNA by
PCR  First-strand cDNA synthesis was carried out using 2 µg
of total RNA purified from 50 mg tissue. Reverse transcription
was performed in a final volume of 20 µL containing 2 µg of random
hexamer (Gene Teks Bioscience Inc., Taipei), and 1.5 mmol/L
each of dATP, dCTP, dGTP, and dTTP. Each reaction mixture
was incubated for 8 min at 23  with 20 U of rRNasin (RNase
inhibitor; Promega, Madison, WI) followed by incubation with
200 U of moloney murine leukemia virus reverse transcriptase
(Gibco-BRL, Paisley, UK) for 60 min  at 40 , followed by 5 min
at 94 . PCR was performed in a final volume of 50 µL, by using
2 µL of cDNA solution in a mixture containing 0.4 mmol/L
deoxynucleotide triphosphates, 40 pmol/L of both sense and
antisense oligonucleotide primers for Cx 26, Cx 32 or Cx 43,
2.5 mmol/L MgCl2, 2.5U of Taq DNA polymerase (Promega)
and 5 µL of 10x Taq DNA polymerase reaction buffer (500 mmol/L
KCl, 100 mmol/L Tris-HCl (pH9.0), 10 g/L Triton-X-100). PCR
primer sequences of the sense and antisense oligonucleotides
for Cx 26, Cx 32 and Cx 43 as well as the direction, size and
reaction conditions are shown in Table 2. For example, Cx 26
anti-sense oligonucleotide (5’-CCGAAGTTCATGAAGGGAGA
GAT-3’) and its related scrambled sequence (5’-GGTCTTTTGG
ACTTCCCTGAGCA -3’) were synthesized (by Sigma-Genosys
Ltd, Woodlands, TX, USA). GAPDH was used as a control,
with the quantities of the other mRNA products reported as
their intensity as a fraction of that of GAPDH mRNA. To
eliminate any possibility of genomic DNA contamination, PCR
amplification reaction was carried out on each sample from the
RNA extraction. As another internal contamination control, PCR
amplification was also carried out on a sample of reaction mixture
in the absence of cDNA.
       The intensity of bands was measured using Fujifilm Science
Lab 98 (Image Gauge V3.12). The sensitivity of our assay was
assessed using human hepatocytes. A HepG2 (hepatoblastoma)
cell line served as a positive control for connexin mRNA
expression. For negative controls, we used EDTA-treated water
(filtered and vaporized).
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Statistical analysis
A statistical software package (SPSS for windows, version 8.0,
Chicago, Illinois) was used. Student’s t-test was used to analyze
continuous variables and chi-square or Fisher’s exact test was
used for categorical variables. A Cox proportional hazards model
was used for multivariate stepwise analysis to identify the
significant factors predicting recurrence and mortality.
Significance was taken as a P value <0.05.

Table 2  Nucleotide sequences of the primer sets and specific
oligonucleotide probes to each type of connexin 5'-noncoding
mRNA

Type of     Primer
connexin    probes Nucleotide sequences
mRNA

Cx 26      Sense 5’ CCGAAGTTCATGAAGGGAGAGAT

     Antisense 5’ GGTCTTTTGGACTTCCCTGAGCA

Cx 32      Sense 5’ CTGCTCTACCCGGGCTATGC

     Antisense 5’ CAGGCTGAGCATCGGTCGCTCTT

Cx 43      Sense 5’ TACCATGCGACCAGTGGTGCGCT

     Antisense 5’GAATTCTGGTTATCATCGTCGGGGAA

RESULTS

RT-PCR analysis of connexin transcripts in liver and HCC tissues
The mean values of Cx 26 mRNA and Cx 32 mRNA in HCC
tissues were significantly lower than those in the control
samples (P<0.01, P<0.01 respectively). There was no significant
difference in Cx 43 mRNA between cancerous and control
tissues (Table 3).

Table 3  Correlation of Cx 26, Cx 32, and Cx 43 mRNAs in
cancerous and noncancerous liver tissues of 25 patients with
HCC and liver tissues of 15 control patients

    mRNA (mean value)
Tissues

Connexin 26 Connexin 32 Connexin 43

HCC patients

    Cancerous liver1       0.745      0.775        0.241

    Controls2       1.205      1.225        0.100

P<0.01 for connexin 26 mRNA; P<0.01 for connexin 32 mRNA;
P>0.05 for connexin 43 mRNA.

Correlation of connexin mRNA expression and tumor recurrence
Patients were followed up for a median of 45 mo (range 38 to
51 mo). Fourteen (56%) had clinically detectable recurrences,
of whom 6 died. A low Cx 26 mRNA correlated significantly with
tumor recurrences by both univariate (P<0.001, P<0.001) and
multivariate analyses (P = 0.033, P = 0.033). No such correlation
was found with Cx 43 mRNA. By multivariate analyses, other
significant predictors of recurrences included poor cell
differentiation (P = 0.033), less encapsulation (P = 0.050),
vascular permeation (P = 0.046) and the presence of daughter
nodules (P = 0.046) (Table 4).

Correlation of connexin mRNA expression and recurrence-
related death
A low level of Cx 26 mRNA and Cx 32 mRNA in HCC tissues was
significantly correlated with death from recurrent tumors by
both univariate (P<0.001, P<0.001) and multivariate analyses
(P = 0.031, P = 0.031) (Table 5). By multivariate analyses, poor
cell differentiation, vascular permeation, and daughter nodules
correlated significantly with mortality (P = 0.031, 0.048, and 0.048

respectively), and less encapsulation correlated with mortality
with a marginal significance (P = 0.053).

Table 4  Predictors of HCC recurrence

   P values
Variable

   UV MV

Sex   1.000 -

Age (yr)   0.030 0.071

Tumor diameter   0.250 -

(<3 cm, >10 cm)

Liver cirrhosis   0.009 0.067

Child-Pugh class   0.528 -

Serum AFP   0.744 -

HBsAg (+)   1.000 -

Anti-HCV (+)   1.000 -

Edmondson Steiner grade <0.001 0.033

Capsule <0.001 0.050

Vascular permeation <0.001 0.046

Daughter nodules <0.001 0.046

Tumor necrosis   0.046 -

Tumor hemorrhage   0.046 -

Connexin 26 mRNA <0.001 0.033

Connexin 32 mRNA <0.001 0.033

Connexin 43 mRNA   0.280 0.071

UV: univariate analysis; MV: multivariate analysis; AFP:
serum alpha fetoprotein; HbsAg(+): positive hepatitis B sur-
face antigen; Anti-HCV(+): positive hepatitis C virus
antibody; Edmondson Steiner grade: differentiation grades
I, II vs III, IV.

Table 5  Correlation between clinical and pathological vari-
ables and recurrence-related mortality

   P values
Parameters

    UV MV

Sex   0.888 -

Age (yr)   0.005 0.356

Tumor diameter   0.324 -

(<3 cm, >10 cm)

Liver cirrhosis   0.030 0.324

Child-Pugh class   0.548

HBsAg (+)   0.956 -

Anti-HCV (+)   0.785 -

Edmondson Steiner grade   0.000 0.031

Capsule   0.000 0.053

Vascular permeation   0.000 0.048

Daughter nodules   0.039 0.048

Multinodular HCC   0.007 0.324

Tumor necrosis   0.373 -

Tumor hemorrhage   0.356 -

Connexin 26 mRNA <0.001 0.031

Connexin 32 mRNA <0.001 0.031

Connexin 43 mRNA   0.461 -

UV: univariate analysis; MV: multivariate analysis; AFP: se-
rum alpha fetoprotein; HBsAg (+): positive hepatitis B surface
antigen; Anti-HCV(+): positive hepatitis C virus antibody;
Edmondson Steiner grade: differentiation grades I, II vs III, IV;
n.s: not significant.
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Correlation between connexin mRNA expression and clinical
and histopathologic features
Cx 26 and Cx 32 mRNAs were significantly correlated with cell
differentiation but not with gender, age, serum AFP level,
chronic HBV or HCV carriage, tumor size, coexisting cirrhosis,
encapsulation, vascular permeation, daughter nodules, tumor
necrosis, or tumor hemorrhage (all P>0.05).

DISCUSSION
Our study showed that a low value of Cx 26 and Cx 32 mRNAs in
resected HCC tissues was significantly associated with an
increased risk of postoperative recurrences and death. While
increased Cx 43 mRNA was not significantly predictive of
outcomes.
      Most tumors studied had a reduction in either homologous
or heterologous GJIC. This presumably contributed to neoplastic
progression by allowing tumor cells to escape intercellular
signals involved in regulation of cell proliferation, differentiation,
and apoptosis[8,10,12,13]. Cx 32 and Cx 26, the components of
hepatocyte gap junctions, were also found in a variety of
other cell types. Cx 43 (or α1) was prominent in the liver
capsule and between other types of liver cells, including Ito
(fat-storing) cells, cholangiocytes, and endothelial cells lining
the venules. We speculated that, because the Cx 32 and Cx 26
genes were expressed in normal liver tissues, they might serve
as tumor suppressor genes. Other authors have suggested
Cx 32 and Cx 43 for this role[16]. Eghbali et al.[18] found that
transfection of tumor cells with Cx 32 cDNA retarded tumor
growth in vivo. They demonstrated that the growth rate of
tumor cells correlated negatively with the strength of intercellular
communication.
    Since Lowenstein et al.[12] used electrophysiologic
techniques to demonstrate a lack of communication between
rat liver cancer cells, an interest has been attracted to changes
in cell-to-cell communications in carcinoma tissues. In studies
of rat hepatocarcinogenesis, several laboratories have found
that a significant decrease in the major liver gap junction
protein Cx 32 at the mRNA or protein level occurred in
preneoplastic nodules and HCCs induced by chemicals[14,17,19,21].
Loss of GJIC due to down-regulated expression of Cx genes
appears to be an important event in cell transformation and is
associated with uncontrolled tumor cell growth. Transformed
cells in vitro and in vivo had a decreased GJIC capacity
between themselves or with surrounding normal cells[18,20].
Disruption of GJIC activity could contribute to the multi-step
process of carcinogenesis.
        Oyamada et al.[25] reported that GJIC was altered in human
HCCs by molecular mechanisms different from those in rat
hepatocarcinogenesis. It is possible that defects in post-
translational processing of Cx 32 and Cx 43 proteins may be an
obstacle in their transportation to cell membranes. Some studies
suggested that multiple mechanisms could likely contribute to
block of GJIC, including decreased expressions of gap junction
proteins and abnormal pathways of signal transduction resulted
from decreased levels of intracellular Ca2+, phosphorylation
of the tyrosine of Cx proteins[19]. Other potential mechanisms
included control of cell recognition and gating of established
gap junctions[19,20,24].
     Different authors have proposed various mechanisms by
which changes in connexin mRNA might contribute to the
biological behaviors of HCC. These include rapid proliferation
of tumor cells, changes in the interaction between host and
tumors, aberrant localization of connexins, and change in
connexin expression during tumor differentiation. Whether the
rapid growth of preneoplastic tissues is the cause or the effect
of a decrease in connexin mRNA remains unknown.

      Some authors have found a great decrease in the number of
gap junctions after partial hepatectomy. A reciprocal correlation
between the expression of Cx32 and the mitotic activities of
hepatocytes during liver regeneration was noted. Based on
their findings of a significant reduction of Cx 32 expression in
S-phase cells, it seems that quantitative changes in gap junction
expression may play an important role in the control of proliferation
of liver cells. Since neoplastic liver tissues had a higher
proliferation rate than the surrounding tissues, it might have
fewer gap junctions. It was found that the partial loss of gap
junctions provided a selective advantage for those preneoplastic
liver cells which developed into rapidly proliferating tumor cells.
It is possible that preneoplastic cells with a reduced number of
gap junctions might have an increased capability of proliferating
and are therefore more likely to develop into HCC[14].
      With regard to changes in the interaction between host and
tumors, Krutovskikh et al.[24] highlighted the role such an
interaction might play in natural host resistance against
neoplastic growth, with an emphasis on the underlying
mechanisms of both connexin function and impairment.
    Some other authors attributed the possible contribution of
connexins to aberrant localization of the gap junction proteins.
Some studies showed that the levels of Cx 32 and Cx 43 mRNAs
were not decreased in HCCs compared with normal liver
tissues, but the proteins were aberrantly located in HCCs[25].
Krutovskikh et al.[26] thought abnormal location of Cx 32 was
more important than its translational disregulation. Omori et al.[17]

drew a similar conclusion  regarding Cx 32.
       Another mechanism leading to a loss of heterologous host-
cancer cell coupling is a change in the expression of connexin
species in tumors during differentiation. According to Markert
et al.[27] three important characteristics of cell differentiation
were the rate of cell division, the adhesive properties of the cell
membrane that determine the capacity of the cell of migrating
or metastasizing, and specific patterns of cell metabolism.
Connexins are likely related to adhesive properties. An altered
pattern of adhesion molecules on the surface of tumorigenic
hepatocytes may influence the distribution of gap junctions in
neoplastic tissues.
    A characteristic feature of a cancerous phenotype is
dedifferentiation. In some tissues, cells at different stages of
differentiation express different sets of connexin proteins. HCC
cells may express the same connexins as surrounding normal
hepatocytes and therefore adhere well to each other. However,
because of the inability of Cx 32 hemichannels expressed by
normal hepatocytes to assemble functional gap junctional
channels with Cx 43 hemichannels in neoplastic cells, they failed
to communicate with each other[28,29].
      The high recurrence rate after resection is the main cause of
the poor outcomes of HCC. Variables correlated with tumor
recurrence included high serum AFP, hepatitis, vascular
permeation, grade of cell differentiation, infiltration or absence
of capsule, tumor size, coexisting cirrhosis, presence of daughter
nodules, and multiple lesions[1-7, 30-33]. According to our study,
connexin was significantly correlated with the grade of cell
differentiation. In our series, tumors with higher levels of Cx26
and Cx32 mRNAs, that were closer to normal, were more likely
to be well-differentiated (Edmondson and Steiner grade I) and
less likely to recur than those tumors of grade II to IV. The
association between the grade of anaplasia and connexin
positivity also varied in other reports. We attribute these
differences to the possibility that different histologic grades
may coexist within a particular HCC. Additionally, the regulation
of connexin may be complex, particularly at different grades of
dedifferentiation.
      There is also discrepancy in the expression of Cx 43 in human
HCCs. Ma et al.[34] suggested that decreased expression of Cx
32 and Cx 43 might be closely related to liver carcinogenesis.
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We found a similar decrease in Cx32 mRNA, but Cx 43 mRNA
was increased. The discrepancy might be due to a difference in
study samples and examination methods, as well as the
background liver diseases. Furthermore, it should be noted
that the benign liver tissue surrounding HCC was not normal.
Oyamada et al.[25] studied 6 patients with HCC and found various
abnormalities in the surrounding tissues, including cholestasis
in 2, fatty liver in 1, chronic persistent hepatitis in 1, cirrhosis in
1, and possible hemochromatosis in 1. In our 25 patients, we
found a different distribution of background liver diseases,
including cirrhosis in 20 (80%), hepatitis B virus hepatitis in
12 (48%) and hepatitis C virus hepatitis in 10 (40%); 3 patients
had both hepatitis B and C hepatitis. We used RT-PCR and
Northern and Southern blot analyses. Oyamada et al.[25] found
no decrease in Cx 32 mRNA, while the level of Cx 43 mRNA was
higher than that in the surrounding nontumorous tissues but
without any amplification of Cx 43 gene. They attributed the
increased expression of Cx 43 to a large amount of connective
tissues in HCC.
    However, another possible explanation for elevated
expression of Cx 43 is the stem cell concept of tumor cell
origins. This theory proposes that the target cells in carcinogenesis
are stem cells present in normal tissues. Assuming that a
stem cell that expresses Cx 43 is the target cell in human
hepatocarcinogenesis, the resulting neoplasm would be
expected to express connexin 43. The mechanism of switching
on the Cx 43 gene in human HCC remains to be investigated,
which may include DNA methylation, a stablization of RNA, or
positive or negative trans-acting factors[25].
      Carcinogenesis is believed to result from block, arrest, or
derangement in differentiation. Based on this concept, we could
explain the increased expression of Cx 43 by the appearance of
isozymes, for example, aldolase and γ-glutamyl transpeptidase,
in human HCC.
    We proposed that not all HCCs contained connexin
mutations, in another word, there might be both connexin-
dependent and connexin-independent pathways leading to liver
cancer. The selective advantage conferred on liver cells by a
mutant connexin gene seems to be significant in later steps of
tumorigenesis, after the accumulation of additional genetic
changes. The identification of genetic alterations related to
connexin changes remains a considerable challenge in the field
of liver cancer research.
      Surgery remains the best possible therapy for patients with
HCC. Examination of connexin mRNA in HCC tissues may
provide information about the risk of postoperative recurrences,
and our results support this hypothesis. Addition of
neoadjuvant therapy after surgery, might be considered for the
risk patients. Furthermore, serial measurement of circulating
connexin mRNAs after surgery to monitor the effects of therapy
or screen for recurrences needs further investigation.
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Abstract

AIM: To evaluate the effect of postoperative adjuvant
transcatheter arterial chemoembolization (TACE) on the
prognosis of hepatocellular carcinoma (HCC) patients with
or without risk factors for the residual tumor.

METHODS: From January 1995 to December 1998, 549
consecutive HCC patients undergoing surgical resection
were included in this research. There were 185 patients
who underwent surgical resection with adjuvant TACE and
364 patients who underwent surgical resection only. Tumors
with a diameter more than 5 cm, multiple nodules, and
vascular invasion were defined as risk factors for residual
tumor and used for patient stratification. Kaplan-Meier
method was used to analyze survival curve and Cox
proportional hazard model was used to evaluate the
prognostic significance of adjuvant TACE.

RESULTS: In the patients without any risk factors for the
residual tumor, the 1-, 3-, 5-year survival rates were 93.48%,
75.85%, 62.39% in the control group and 97.39%, 70.37%,
50.85% in the adjuvant TACE group, respectively. There
was no significant difference in the survival between two
groups (P = 0.3956). However, in the patients with risk
factors for residual tumor, postoperative adjuvant TACE
significantly prolonged the patients’ survival. There was a
statistically significant difference in survival between two
groups (P = 0.0216). The 1-, 3-, 5-year survival rates were
69.95%, 49.86%, 37.40% in the control group and 89.67%,
61.28%, 44.36% in the adjuvant TACE group, respectively.
Cox proportional hazard model showed that tumor diameter
and cirrhosis, but not the adjuvant TACE, were the significantly
independent prognostic factors in the patients without risk
factors for residual tumor. However, in the patients with
risk factors for residual tumor adjuvant TACE, and also
tumor diameter, AFP level, vascular invasion, were the
significantly independent factors associated with the
decreasing risk for patients’ death from HCC.

CONCLUSION: Postoperative adjuvant TACE can prolong
the survival of patients with risk factors for residual tumor,
but can not prolong the survival of patients without risk
factors for residual tumor.

Ren ZG, Lin ZY, Xia JL, Ye SL, Ma ZC, Ye QH, Qin LX, Wu
ZQ, Fan J, Tang ZY.  Postoperative adjuvant arterial
chemoembolization improves survival of hepatocellular
carcinoma patients with risk factors for residual tumor: A
retrospective control study. World J Gastroenterol  2004;
10(19): 2791-2794

http://www.wjgnet.com/1007-9327/10/2791.asp

INTRODUCTION
Hepatocellular carcinoma is the fifth most common malignant
death in the world and is estimated to cause half a million deaths
annually[1]. In China, primary liver cancer mortality ranked
second after stomach cancer. The age-standardized mortality
rate (adjusted by the world population) was 33.7 per 100 000 in
male Chinese and 12.3 per 100 000 in female Chinese[2]. Surgical
resection is a major treatment for hepatocellular carcinoma
(HCC)[3]. However, postoperative recurrence is still high and
the main death cause after resection of HCC[4]. The overall
recurrence was 30.1%, 62.3% and 79.0% in 1, 3, 5 years after
resection of HCC, respectively[5]. Adjuvant therapies were used
to prolong the survival and decrease the recurrence of HCC in
different centers, such as transcatheter arterial chemoembolization
(TACE)[6-13], polyprenoic acid[14], adoptive immunotherapy[15],
interferon[16], and iodine-131-labeled lipiodol[17-19]. TACE was
one of the most commonly used adjuvant managements for
preventing recurrence and prolonging the survival of patients
postoperatively. However, the benefits of adjuvant TACE were
controversial. From January 1995 to December 1998, a
consecutive series of 549 HCC patients with partially
hepatectomy were included in this study. Of them, 185 patients
received adjuvant TACE and 364 patients received surgical
resection only. The aim of this research was to evaluate the
benefits of adjuvant TACE in our series and to determine
whether the characteristics of HCC such as diameter of tumor
size, tumor nodules and vascular invasion could affect the
benefits of adjuvant TACE to the patients’ survival.

MATERIALS AND METHODS

Patients
This study included 549 patients with HCC who underwent
partial hepatectomy. The entry criteria included: 1) All the tumor
lesions were removed, which were judged by surgeon’s gross
inspection; 2) no lymphonode involvement; and 3) no distant
metastasis. For all the 549 patients, hepatectomy was performed
in Liver Cancer Institute, Zhonghan Hospital, Fudan University
from January 1995 to December 1998. There were 465 males and
84 females with a median age of 50 years. According to the
UICC TNM classification, 48 patients were in stage I, 382 in
stage II, 86 in stage IIIA, and 33 in stage IVA. For their liver
function defined by Child-Pugh classification, 539 patients were
in class A, 10 in class B, and no patients in class C.



Adjuvant TACE
In the entire series, 185 patients underwent adjuvant TACE
and 364 patients who did not undergo adjuvant TACE were
assigned as control. Adjuvant TACE was performed 2 mo after
hepatectomy. Hepatic arterial angiography was performed and
then preventive or therapeutic chemoembolization was done
depending on the patients with or without tumor stain in the
remnant liver, respectively. The regimen for preventive adjuvant
TACE consisted of 5-fluorouracil (5-FU) 0.75 g, cisplatin (DDP)
60 mg, and the emulsion mixed with mitomycin C (MMC) 16 mg
and lipiodol 5 mL. Two months later a repeated preventive
adjuvant TACE was performed and the regimen was finished.
For therapeutic adjuvant TACE, the regimen consisted of 5-FU
1.0 g, DDP 80 mg, and the emulsion of MMC 20 mg and lipiodol
5-10 mL (the volume of lipiodol used for a patient depending on
the tumor volume in the patient). TACE was repeated every
one and a half month. The interval and times of repeated TACE
depended on the response of the patients.

Patient stratification and grouping
The patients were retrospectively stratified into patients without
risk factors for the residual tumor and patients with any risk
factors for the residual tumor. These risk factors were evaluated
according to preoperative ultrosonography, CT scan and
postoperative pathological examination. Risk factors were
defined as tumor diameter >5 cm, multiple nodules or vascular
invasion. These factors were reported to have a close relation
with residual tumor or recurrence in the remnant liver of HCC
patients[4,20-23]. After stratification, there were 251 patients
without risk factors for the residual tumor and 298 patients with
risk factors for the residual tumor. After stratification, the
patients were further grouped as the adjuvant TACE group
and the control group.

Follow-up and statistics
The patients were followed up every 2 to 3 mo with ultrasonography
and alpha-fetoprotein (AFP) during the first 2 years after HCC
resection and every 3-6 mo afterwards. If the patients were
unable to undergo this procedure, they were followed up with
telephone or letter every year. The follow-up termination time
for all patients was December 31, 2002. The significance of
differences in clinical and pathological characteristics between
groups was examined with Chi-square test and Student t test.
Cumulative survival rates were obtained by the Kaplan-Meier
method. Cumulative survival comparison between groups was
performed with log-rank test. Multivariate analysis for the
independent prognostic factors was determined by Cox
proportional hazards model. P values <0.05 were considered
statistically significant.

RESULTS
Clinical and pathological characteristics of adjuvant TACE and
control groups
Clinical and pathological characteristics of the patients with or
without risk factors for residual tumor in adjuvant TACE and
control groups were summarized in Tables 1 and 2, respectively.
There were no significant differences in their age, HBsAg
positive rate, Child-Pugh class, AFP level, TNM class between
two groups, except that the ratio of female vs male patients was
lower in the adjuvant TACE group than that in control group
(P = 0.005) without risk factor for residual tumor.

Survival of patients in adjuvant TACE group and control group
Figure 1A presents the Kaplan-Meier survival analysis
comparing the patients in control group and adjuvant TACE
group without risk factors for the residual tumor. There were

no differences in their survival curves between two groups
(P = 0.3956). The 1-, 3-, 5-year survival rates were 93.48%, 75.85%,
62.39% in the control group and 97.39%, 70.37%, 50.85% in the
adjuvant TACE group, respectively. However, for the patients
with risk factors for the residual tumor improved survival rates
were observed in the adjuvant TACE group, as showed by
Figure 2B. There were significant differences between two
groups (P = 0.0216). The 1-, 3-, 5-year survival rates were 69.95%,
49.86%, 37.40% in the control group and 86.67%, 61.28%,
44.36% in the adjuvant TACE group.

Table 1  Clinical and pathological characteristics in control
and adjuvant TACE groups patients without risk factors for
residual tumor

Characteristics   Control            Adjuvant TACE     P value
             (n = 174)    group (n = 77)

Gender

    Female       34   5           0.009

    Male     140 72

    Age (mean±SD)       50.86±11.61           49.35±10.04          0.323

HBsAg

    Positive       43 11           0.135

    Negative     131 66

Cirrhosis

    Absent       22   6           0.130

    Mild       53 33

    Severe       99 38

Child-pugh Class

    A     165 77           0.134

    B          5   0

AFP (mean±SD, ug/L)  333.91±529.92     406.04±735.16       0.381

TNM classification

    I       28 19           0.108

   II     146 58

Table 2  Clinical and pathological characteristics in control
and adjuvant TACE groups patients with risk factors for re-
sidual tumor

Characteristics   Control     Adjuvant TACE group  P value
             (n = 190)       (n = 108)

Gender

    Female       33            12           0.147

    Male     157            96

    Age (mean±SD)  51.50±11.72        49.63±10.07        0.105

HBsAg

    Positive       47            27           0.588

    Negative     143            81

Cirrhosis

    Absent       41            24           0.563

    Mild       69            45

    Severe       80            39

Child-pugh Class

    A     187          106           0.860

    B          3 2

AFP (mean±SD, ug/l)  501.39±807.14      518.25±707.99      0.856

TNM classification

    II     113            66           0.926

    IIIA       55            31

    IVA       22            11
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Multivariates analysis
Cox proportional hazards models were constructed to predict
the survival of the patients with adjuvant TACE and other
variables including sex, age, HBsAg, cirrhosis, Child-Pugh class,
AFP levels, tumor diameter, tumor nodules, and vascular
invasion. In the patients without risk factors for residual tumor,
the tumor diameter and cirrhosis were statistically significant
independent factors associated with an increased risk of death
from HCC, but adjuvant TACE had no effect on the survival of
patients (Table 3). However, in the patients with risk factors for
residual tumor, adjuvant TACE was statistically significant
independent factor associated with a decreased risk of the death
of patients with HCC. Tumor diameter, AFP level and vascular
invasion were significantly independent factors associated with
death of patients with HCC (Table 4). These results indicated
that adjuvant TACE could improve the survival of patients
with risk factors for residual tumor, but did not affect the survival
of patients without risk factors for residual tumor.

Table 3  Multivariate Cox proportional hazard analysis to
evaluate independent variables in patients without risk fac-
tors for residual tumor

Variables      B    Wald       Significance    HR       95% CI
 lower upper

Cirrhosis   0.689    14.443         0.000  1.991  1.396  2.841

 Absent = 1

 Mild = 2

 Severe = 3

Tumor  0.235     6.019          0.014       1.264  1.048  1.525

diameter (cm)

Table 4  Multivariate Cox proportional hazard analysis to
evaluate independent variables in patients with risk factors
for residual tumor

Variables                  B       Wald  Significance  HR     95% CI
 lower upper

AFP (µg/L) 0.212  5.333    0.021      1.236 1.033  1.480

 <20 = 1

 21-400 = 2

 >400 = 3

Adjuvant TACE         -0.406  6.041    0.014     0.666 0.482  0.921

 Without = 1

 With = 2

Tumor diameter (cm) 0.076   16.327    0.000    1.079  1.040  1.119

Vascular invasion 0.245  7.691    0.006    1.278  1.075  1.520

 Absent = 1

 Present = 2

DISCUSSION
The frequent postoperative recurrence was a main obstacle for
long survival after resection of HCC and intrahepatic metastasis
was thought to have a close relation with the postoperative
recurrence[24]. However, it is difficulty to detect the minimal
intrahepatic metastasis before or during operation and the
existence of this minimal intrahepatic metastasis contributes to
intrahepatic recurrence. Theoretically, treatment of this minimal
intrahepatic metastasis should play an important role in
preventing of postoperative recurrence of HCC. However,
though TACE has been widely used in unresectable HCC
patients[25-27], the clinical trial showed there was no confirmed
evidence supporting the benefits of adjuvant TACE to patients
with resectable HCC[6]. Tanaka and Izumi showed that
postoperative adjuvant TACE improved the survival of HCC
patients[28,29]. The patients selected in their clinical trials had
advanced stages (TNM III or TNM IV) or characteristics of
uncompleted encapsulated, intrahepatic metastasis, or vascular
invasion which was thought to have a close relation with residual
tumor and earlier massive recurrence[22,30]. For these patients
postoperative adjuvant TACE played a role in earlier therapy
of the residual tumor and could decrease the earlier recurrence
and prolong survival. However, TACE has been known to
damage remnant liver and deteriorate liver function. This adverse
impact is possible to affect long survival of patients with
resectable HCC if the resection is truly curative. One of the
clinical trials showed that adjuvant chemembolization using
the regimen of intravenous epirubicin in combination with
transarterial infusion of an emulsion of iodized oil and cisplatin,
was even associated with more frequent extrahepatic
recurrences and a worse outcome in their group of patients[31].
In that clinical trial, all the patients had no demonstrable
evidence of residual disease on ultrasonography and hepatic
angiography 1 mo after surgery. These evidences suggested
that the benefits of adjuvant TACE depended on the selection
of patients. In patients who had high risks of residual tumor or
intrahepatic metastasis in remnant liver, adjuvant TACE could
improve their survival due to therapeutic actions on the residual
tumor. However, in patients with lower risks of residual tumor
or intrahepatic metastasis, adjuvant TACE might have less
usefulness or even worse actions due to deterioration of
remnant liver function.
      Our results showed that postoperative adjuvant TACE could
improve the survival of patients with risk factors for the residual
tumor but not the survival of patients without risk factors for
the residual tumor. For further evaluation of the effect of adjuvant
TACE on patients with resectable HCC, Cox proportional hazards
models were constructed to study if adjuvant TACE was the
significantly independent factor associated with the survival.
The results showed that in patients without risk factors for
residual tumor, the significantly independent prognostic factors
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Figure 1  Survival curves of patients in control group and adjuvant TACE group without or with risk factors for residual tumor.
A: Survival curve of patients in control group and adjuvant TACE group without risk factor for residual tumor.B: Survival curve
of patients in control group and adjuvant TACE group with risk factors for residual tumor.
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were tumor diameter and cirrhosis but not the adjuvant TACE.
However, in patients with risk factors for residual tumor,
adjuvant TACE was the significant prognostic factor. This result
suggested that the benefits of adjuvant TACE to patients with
resectable HCC depended on the selected patients with or
without risk factors for the residual tumor. Therefore adjuvant
TACE should be used in patients with higher risks of residual
tumor but not in patients with lower risks of residual tumor.
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Abstract

AIM: To explore the expression of heparanase mRNA and
point mutation in hepatocellular carcinoma (HCC).

METHODS: Reverse transcription polymerase chain reaction
was used to measure the expression of heparanase mRNA
in the primary tumor tissues and surrounding liver tissues
of 33 HCC patients. T-A cloning and sequencing were used
to detect whether there was any mutation in the amplified
PCR products.

RESULTS: The expression of heparanase mRNA was
positive in 16 primary tumor tissues of HCC, and the positive
rate was 48.5%, which was significantly higher than that
in the surrounding liver parenchyma (P<0.01). The positive
rate for heparanase gene in high-tendency to metastatic
recurrence group (71.4%, 10/14) was obviously higher
than that in low-tendency to metastatic recurrence group
(31.6%, 6/19) (P = 0.023). The positive rate for heparanase
gene in patients with metastatic recurrence during postoperative
follow-up (78.6%, 11/14) was also significantly higher than
that in those without metastatic recurrence (21.4%, 3/14)
(P = 0.003). Sequence analysis of the HPA PCR products
was made in 7 patients, and 2-point mutations were found
in 4 patients, one of which was sense mutation, neither
base insertion nor deletion was detected. The mutation
rate was 57.1% (4/7).

CONCLUSION: The expression rate of heparanase mRNA
increases in HCC, and HPA mRNA may be one of the reliable
markers for the metastatic activity gained by the liver tumor
cells and could be used clinically in predicting metastatic
recurrence of HCC. Point mutation may be one of the causes
for enhanced heparanase mRNA expression.
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INTRODUCTION
Primary hepatocellular carcinoma (HCC) is a common malignant

tumor, especially in China and southeast Asia. Although the
resection rate of HCC has improved in recent 20 years, the
general therapeutic efficacy is still not satisfactory yet. The
death rate of HCC ranks second in all malignant tumors in  China,
due to postoperative metastatic recurrence as the main cause.
Tumor invasion and metastasis can break through the tissue
barriers, which are formed of extracellular matrix (ECM) and
basement membranes (BMs) and are composed of structural
proteins, including collagen, laminin and vitronectin,etc. and
glycosaminoglycans (GSGs). The chief components of GSG
are heparan sulfate proteoglycans (HSPGs) that are principally
composed of a core protein covalently linked to several heparan
sulfate side chains[1]. Over the past ten years, most studies
about neoplasm metastasis including HCC, focused on some
proteases, such as matrix metalloproteinases (MMPs)[2-4],
u-PA[5,6], serine and cysteine protease[7,8] whose substrates were
structural proteins, but heparanase (HPA), whose substrate
was GSGs, was ignored. In recent years, mammalian HPA gene
has successfully been cloned and sequenced in Israel and
U.S.A[9-13], and HPA was found to play an important role in tumor
invasion and metastasis. El-Assal et al.[14] found that HPA
mRNA expression in HCC patients was related to the tumor
sizes, staging, classification, infection of hepatitis C virus (HCV),
vascularization, postoperative metastasis and prognosis.
However, in their studies, over half of HCC patients (52.7%, 29/55)
were accompanied with HCV infection, and few were associated
with hepatitis B virus (HBV). Ikeguchi et al.[15] found that relative
heparanase mRNA expression level in HCC was significantly
lower than that in noncancerous liver tissues (P<0.001), and
that tumor heparanase expression did not correlate to tumor
differentiation, tumor stage, or patient prognosis. They concluded
that enhanced heparanase mRNA expression might not be a
good biological marker for HCC. In addition, the possible
mechanism of HPA expression has not been explored in both
studies. It is well known that most HCCs in China are HBV-
associated, which is different from the HCCs reported in Japan,
but whether there is some difference of HPA expression in
HCCs between in China and Japan or other regions is still
unknown. In the present study, we tried to find out whether
HPA mRNA expression was related to the clinicopathological
indexes, including infection of HBV and postoperative
metastatic recurrence of Chinese HCC patients, whether there
was mutation in HPA gene, and whether the mutation of HPA
gene was associated with HPA mRNA expression.

MATERIALS AND METHODS
Patients
Thirty-three patients (28 men and 5 women) undergoing
curative hepatic resection for HCC between October 2000 and
April 2001, were included in the present study. None of the
patients received preoperative chemo- or embolic therapy. The
patients’ ages ranged from 27 to 73 years (49±7 years, mean±SD).
Among the 33 patients, the biggest diameter of tumors was
>5 cm in 25 cases and 5 cm in 8. Tumor capsules were integrated
in 14 and disintegrated in 19 cases. Serum AFP was positive in
21 and negative in 12; HBsAg was positive in 24 and negative
in 9. Liver cirrhosis was detected in 18 cases. Thirteen patients



belonged to Edmondson grade I or II, and the remaining 20 patients
to Edmondson grade III or IV. Eighteen patients belonged to
TNM staging I or II,and 15 to TNM staging III or IV. According
to the operative records and postoperative pathologic data, 14
HCC patients with cancer emboli, intrahepatic dissemination
(satellite foci or multiple nodules) and/or lymph node metastasis
were demarcated to high-tendency to metastatic recurrence
group, and the other 19 patients without emboli, dissemination
and/or metastasis belonged to low-tendency to metastatic
recurrence group. A total of 28 patients were followed up 6-16 mo
after operation, during which neoplasm metastasis or recurrence
was found in 14 patients.

Tissue selection
After the neoplasm was resected, HCC tissues from all the
patients were selected from the most viable areas of the tumors
immediately. This aimed at excluding areas of tissue necrosis
and hemorrhages, which might influence the quality and the
quantity of the extracted RNA. For selection of surrounding
non-tumor liver tissues, specimens were obtained from tissues
at a clear distance from the edge of tumors (>1cm), if there was
no evidence of nearby tumor invasion. Tissues were at once
preserved in liquid nitrogen after the resection and kept at -80 
until the experiment began.

RNA extraction and cDNA synthesis
About 100 mg tumor or liver tissue was used for total RNA
isolation using TRIzol reagent (Gibco-BRL), according to the
instructions of the manufacturer. First-strand cDNA was
synthesized using 5 L total RNA with oligo (dT)16  primer in a
50-L reverse transcription mixture containing 10 L of 5× first-
strand buffer, 2.5 L dNTP mixture containing 25 mmoL/L each
deoxynucleotide triphosphate base (Pharmacia Biotech, Tokyo,
Japan), 2.5 L ribonuclease inhibitor (TaKaRa Biochemicals,
Ohotsu, Japan), 25 L ddH2O (managed with DEPC in advance),
and 2.5 L avian myeloblastosis virus reverse transciptase
(TaKaRa Biochemicals, Ohotsu, Japan).

PCR amplification of HPA and βββββ-actin genes
The resulting cDNA was used for PCR amplification using
Taq polymerse (TaKaRa Biochemicals, Ohotsu, Japan). The
primers for HPA PCR amplification were designed according
to the literature[9]. The sequences of the oligonucleotides
were: forward,5’-TTCGATCCCAAGAAGGAATCAAC-3’;
and reverse, 5’-GATTCAGTTACATGGCATCACTAC-3’.
The first and final bases of the amplified HPA segment were at
the 409th and 993rd positions of the HPA cDNA, respectively,
and the amplified segment should be 585 bp in length. The
primers used for β-actin had the following sequences:
forward, 5’-TTCCAGCCTTCCTTCCTGG-3’,and reverse, 5’-
ATTGCTCCTCCTGAGCGCAA-3’, as generated by Oligo 4.0 S
computer software. The amplified β-actin segment was 224 bp
in length. The PCR conditions included initial denaturation at
94  for 4 min, followed by 35 cycles of amplification with
subsequent denaturation at 94  for 30 s, annealing at 57 
for 45 s, and extension for 1 min at 72 . Ten µL PCR products
underwent electrophoresis using 12 g/L agarose and was
visualized by UV absorption and ethidium bromide.

T-A cloning and sequencing
By using Escherichia coli, competent cell DH5α was routinely
prepared and stored at -80 . One hundred µL liquid HPA PCR
products was used for purification. Five liters of purified
preparation, 1 L pGEM-Teasy vector (3 015 bp in length) and
1 L T4-DNA ligase (Promega, New York, U.S.A) were mixed and
incubated overnight at 4  for ligation reaction. After 200 L
competent cell suspension was thawed at room temperature, 5 L

ligated products was added for transformation test. The
recombinant plasmid was screened, and the plasmid DNA was
extracted by the alkaline lysis method. Five liters plasmid DNA
was digested with 0.5 L restriction endonuclease EcoR I for
2-3 h at 37 , then the enzyme digestion products were
identified by electrophoresis. Results of enzyme digestion
analysis were essentially identical with expected ones. Using
the recombinant plasmid DNA as a template, DNA sequencing
for both strands was performed on an ALF express DNA
automatic sequencer (Pharmacia Co.) by the dideoxy terminal
termination method. The sequenced HPA segment was 585 bp
in length. The sequence of amplified HPA segment was
compared with the gene bank database and analyzed for
homogeneity using BLAST program at NCBI.

Statistical analysis
The significance of difference between two groups was tested
with Chi-square analysis or exact probabilities in fourfold table.
A P value less than 0.05 was considered statistically significant.

RESULTS
Expression of HPA mRNA in HCC
HPA mRNA was amplified in the tumor tissues from 16 patients.
Electrophoretic analysis showed a bright band about 550-600 bp
in length in these patients. No amplification strand was found
in the other 17 patients (Figure 1). The HPA mRNA expression
rate in the tumor tissues of HCC was 48.5% (16/33) and
significantly higher than that in the surrounding non-tumor
liver tissues (P<0.01) in which HPA mRNA was positive in only
one patient.

Figure 1  Expression of HPA mRNA in HCC. M: molecular
mass markers (DL2 000); lanes 1 and 3: the noncancerous liver
tissue; lanes 2 and 4: the HPA positive samples of cancer tissues
both with a bright band at 585 bp.

Relationship between HPA expression and clinicopathological
indexes
By statistical analysis, no significant difference in HPA mRNA
expression was found among the tumor size, capsule, AFP,
HBsAg and liver cirrhosis groups (P>0.05) (Table 1). HPA
expression rate in Edmondson grade I or II group was
significantly lower than that in Edmondson grade III or IV group
(P = 0.019), and the rate in TNM staging I or II group was
also obviously lower than that in TNM staging III or IV
group (P = 0.047) (Table 1).

Relationship between HPA expression and metastatic recurrence
of HCC
HPA mRNA expression rate in high-tendency to metastatic
recurrence group was obviously higher than that in low-tendency
to metastatic recurrence group (P = 0.023), and the rate in
metastatic recurrence group was also significantly higher
than that in non-metastatic recurrence group (P=0.003)
(Table 2).
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Table 1  Relationship between the HPA expression and the
clinicopathological parameters of HCC

Items                      Number  HPA positive  HPA negative  P value

Size of tumor

    >5 cm 25       13    12          0.250

    5 cm   8          3       5

Tumor capsule

    Integrated 14          5       9          0.130

    Disintegrated 19       11       8

AFP

    Positive 21       12       9          0.125

    Negative 12          4       8

HBsAg

    Positive 24       12    12          0.292

    Negative   9          4       5

Liver cirrhosis

    Yes 18          8    10          0.241

    No 15          8       7

Edmondson grade

    I, II 13          3    10          0.019

    III, IV 20       13       7

TNM staging

    I, II 18          6    12          0.047

    III, IV 15       10       5

Point mutation
After the recombinant plasmid DNA was digested by EcoR I
and run in 10 g/L agarose gel electrophoresis, 2 bright bands
could be seen, which were about 750 and 2 900 bp in length,
respectively, according to the markers. The recombinant
plasmid that was not digested by the enzyme showed only one
band about 3 600 bp in length, and the pure HPA RT-PCR
products only produced one strip about 550-600 bp in length

in the same agarose gel. These results proved that it was
successful to purify HPA RT-PCR products, ligate them with
plasmid DNA to be digested by restriction endonuclease
(Figure 2). Seven samples of HPA mRNA positive PCR products
were cDNA sequenced, and the results confirmed that the target
gene segment in all the 7 samples of PCR products was human
HPA cDNA. Two point mutations (at the 513th and 878th base
of the HPA cDNA, respectively) were observed in 4 samples,
and no insertion or deletion was found. The mutation rate
was 57.1%(4/7). One of the point mutations of G to A
transversion was at the third base position of codon 138.
Because the varied codon was still translated to glutamic acid
resulting in no alternation of amino acid residues, the mutation
belonged to nonsense mutation. The other point mutation of A
to G transversion at nucleotide 878 corresponded to the second
base position of codon 260. After transversion, the codon
became AGU from AAU, resulting in alternation of amino acid
residues (asparamide to serine), it was therefore sense mutation
(Table 3, Figure 3).

Figure 2  Electrophoretogram of the recombinant plasmid
DNA digested by EcoRI. M: molecular mass markers (DL2 000);
lanes 1 and 2: the pure HPA RT-PCR products; lanes 3 and 4:
the products of digestion; lanes 5 and 6: the products without
digestion.
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Table 2  Relationship between HPA expression and metastatic recurrence of HCC

Items                                                             Number                    HPA positive               HPA negative                       P value

Tendency to metastatic recurrence
    High 14 10   4 0.023
    Low 19   6 13
Metastatic recurrence
    Yes 14 11   3 0.003
    No 14   3 11

Table 3  Sequencing and corresponding series number

Number                                                                      Nucleotide sequence Remarks

                TTGG    GCCCGACGTC GCATGCTCCC GGCCGCCATG GCGGCCGCGG      GAATTCGATT Plasmid DNA
409-468 TTCGATCCCA AGAAGGAATC AA1CCTTTGAA GAGAGAAGTT ACTGGCAATC      TCAAGTCAAC HPA cDNA
469-528 CAGGATATTT GCAAATATGG ATCCATCCCT CCTGATGTGG AGGAA3,5AAGTT     ACGGTTGGAA HPA cDNA
529-588 TGGCCCTACC AGGAGCAATT GCTACTCCGA GAACACTACC AGAAAAAGTT      CAAGAACAGC HPA cDNA
589-648 ACCTACTCAA GAAGCTCTGT AGATGTGCTA TACACTTTTG CAAACTGCTC      AGGACTGGAC HPA cDNA
649-708 TTGATCTTTG GCCTAAATGC GTTATTAAGA ACAGCAGATT TGCAGTGGAA      CAGTTCTAAT HPA cDNA
709-768 GCTCAGTTGC TCCTGGACTA CTGCTCTTCC AAGGGGTATA ACATTTCTTG      GGAACTAGGC HPA cDNA
769-828 AATGAACCTA ACAGTTTCCT TAAGAAGGCT GATATTTTCA TCAATGGGTC      GCAGTTAGGA HPA cDNA
829-888 GAAGATTTTA TTCAATTGCA TAAACTTCTA AGAAAGTCCA CCTTCAAAAG4      T6GCAAAACTC HPA cDNA
889-948 TATGGTCCTG ATGTTGGTCA GCCTCGAAGA AAGACGGCTA AGATGCTGAA      GAGCTTCCTG HPA cDNA
949-993 AAGGCTGGTG GAGAAGTGAT TGATTCAGTT ACATGGCATC ACTAC2 HPA cDNA

AATCACTAGT GAATTCGCGG CCGCCTGCAG GTCGACCATA TGGGAGAGCT      CCCAACGCGT Plasmid DNA
TGAATCACTA GTGAATTCGC GGCCGCCTGC AGGTCGACCA TATGGGAGAG     CTCCCAACGC Plasmid DNA
GTTG Plasmid DNA

1,2The segments with italics and boldface corresponded to the primers used in RT-PCR. 3,4The letters represented the mutated
bases. 5,6The parts with underline represented the codons.

M 1 2 3 4 5 6

bp

2 000
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Figure 3  The sequencing map 1(A) and map 2(B) , the mu-
tated base; the parts with underline, the codons.

DISCUSSION
Mammalian genes including human HPA gene have been
cloned and identified in recent years[9-13]. It is known that the gene
is on chromosome 4q22[16] and includes 14 exons separated by
13 introns. The complete cDNA of HPA is 1 758[9] or 1 629 bp in
length[10], and  contains an open reading frame encoding a
polypeptide of 543 amino acids, with a calculated molecular
weight of 61 192 daltons. The HPA enzymes of about 50 ku
isolated from human placenta and hepatoma cell line (SK-hep-1)
may represent a processed or mature form of the native protein.
In normal state, HPA is mainly identified in placenta, fetus liver,
thymus gland, spleen, platelets, neutrophils, and activated T-
and B-lymphocytes. HPA plays important physiological roles
in embryonic morphogenesis, wound healing, inflammatory and
autoimmune conditions by degrading GAGs. Many tumors and
their stroma cells also produce or secrete HPA and use the
same molecular machinery to induce neoplasm metastasis. RT-
PCR analysis showed that most highly metastatic tumor cells
expressed higher levels of HPA mRNA or HPA activity, but
nonmetastatic carcinoma cells and low metastatic cells expressed
no or only very weak HPA activity. HPA expression correlates
with the metastatic potential of breast cancers[17], and antisense-
mediated suppression of human heparanase gene expression
may inhibit pleural dissemination of human cancer cells[18]. It
has been found that high levels of HPA can be detected in a
variety of malignant tissues or cells with high malignance or
powerfully metastatic potential, among which are lymphoma,
fibrosarcoma[9,19],oral cancer cell lines and oral cancer[20],
esophageal carcinomas[21], lung cancer[18,22],malignant melanoma
[19,23,24],breast cancer[9,25],gastric carcinoma and carcinoma of
colon[26,27], pancreatic carcinoma[28,29], prostate cancer[30],bladder
carcinoma[31], pheochromocytoma and ovarian cancer, and that
no or only very weak HPA could be observed in some tumor
cells with low or no metastatic potential. We detected the HPA
mRNA expression of cancerous tissues in 33 HCC patients,
and found that it was positive in 16 HCC samples (48.5%, 16/33).
The expression rate of HPA mRNA in our study was similar to
that of El-Assal et al. (47%)[14]. In addition, we detected the
HPA mRNA expression in the surrounding non-tumor liver
tissues, and found that it was positive in only one sample.
These results showed that about half of HCC tissues could

synthesize or secrete HPA, and the surrounding non-tumor
liver tissues could hardly produce the enzyme on the whole.
     HPA could degrade HSPG by cleaving the glycosidic
linkages[24] with a hydrolase mechanism, destroy and degrade
the ECM and BM barricade in coordination with other proteases
to promote the invasion and metastasis of tumor cells[9,24].
Moreover, HPA could not only activate plasminogen and
MMPs by means of promoting the release of urokinase-type
plasminogen activator (u-PA) and tissue-type plasminogen
activator (t-PA) but also facilitate the release of HS-banding
active basic fibroblast growth factor (bFGF) and vascular
endothelial growth factor (VEGF) to deliver its effect of
enhancing cell metastasis and angiogenesis. It has been proved
that HPA in cancerous tissues is closely related to tumor
invasion, metastasis and angiogenesis[9,10]. Both metastatic
recurrence and tumor microvessel density (MVD) in tumors
might significantly increase with high levels of HPA. By
analyzing statistically the relationship between HPA mRNA
and clinicopathological parameters in HCC patients, El-Assal
et al.[14] found that HPA mRNA expression was related to the
tumor size, staging, classification, infection of HCV,
vascularization, postoperative metastasis and prognosis, but
was not related to other clinicopathological parameters. In this
study, the expression rate in HCC was 48.5%, and HPA
expression was associated with the pathological classification
and TNM staging, which were similar to the conclusions drawn
by El-Assal et al.[14] The obvious difference in HPA expression
between low- and high-tendency to metastatic recurrence
groups in our study preliminarily indicated that HPA was
associated with the invasion and metastasis of HCC. The
significant difference between metastatic recurrence group and
nonmetastatic recurrence group in our study was also similar
to that of El-Assal[14], and further proved that HPA expression
was associated with metastatic recurrence, and that there were
stronger invasiveness and tendency of postoperative recurrence
in patients with positive HPA compared with HPA negative
patients, and that HPA might provide a potential and valuable
index to predict clinically postoperative metastatic recurrence.
      No relationship was found between HPA expression and
the integrity of tumor size or capsule in this study, which was
different from the study of El-Assal et al.[14]. We speculate that
the probable cause is that there were relatively fewer patients
with tumors 5 cm in diameter (only 8 cases). In addition, HPA
expression was not found to be associated with AFP, HBsAg
and liver cirrhosis in this study perhaps because the types of
causative viruses were different. Patients in the study of El-
Assal et al.[14] were mainly infected with HCV, but most HCCs
in China were related to HBV infection and posthepatitic
cirrhosis, few were infected with HCV. In addition, our
conclusions are different from those of Ikeguchi et al.[15], in
which relative heparanase mRNA expression level in HCC was
significantly lower than that in noncancerous liver tissues,
and tumor heparanase expression did not correlate with tumor
differentiation, tumor stage, or patient prognosis. Both the
discrepancy of hepatitis virus and experimental methods could
contribute to the different results. The surrounding non-tumor
liver tissues in our study were at a clear distance from the edge
of tumors (>1 cm), but they could be close to the tumor tissues
in the study of keguchi et al.
      Both the positive rates of HPA mRNA in the study of El-
Assal et al.[14] and ours were close to 50% (47% and 48.5%,
respectively), but very few HPAs were expressed in the
surrounding non-tumor liver tissues. To our knowledge, no
concrete mechanism of enhanced HPA mRNA expression in
tumor tissues has been evaluated so far. To explore the probable
mechanism of enhanced HPA expression in cancerous tissues,
the positive PCR products of 7 patients were randomly selected
and sequenced by T-A cloning. Two-point mutations including

2798             ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    October 1, 2004   Volume 10   Number 19

150                             160                    170

510                               520                      530

A

B



a G to A transversion at nucleotide 513 and a A to G at nucleotide
878 of the HPA cDNA were found in 4 cases. By sequence
analysis, we did not find base insertion and deletion, and the
mutation rate was 57.1%. The point mutation of G to A
transversion at nucleotide 513 resulting in GAG to GAA at
condon 138 was a nonsense mutation because the amino acid
residue was still glutamic acid after translation. The other point
mutation of A to G transversion at nucleotide 878 leading to
AAU to AGU at condon 260 belonged to sense mutation
because it resulted in the alteration of amino acid residue
(asparamide to serine), which may cause HPA structure to
change and HPA activity to increase, resulting in the
acceleration of ECM and BM barrier degrading and the final
metastasis of tumor cells. Therefore, we guess that the point
mutation at HPA gene might be one of the important
mechanisms of increased HPA expression and enhanced
metastasis of carcinoma cells, and it deserves further study.
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Abstract

AIM: To investigate the pathogenic mechanism of colon
cancer at the molecular level and to elucidate the relationship
between intercellular adhesion molecule-1 (ICAM-1) and
nm23H1 genes and Chinese patients with colon cancer.

METHODS: DNA was extracted from paraffin-embedded
materials. Polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP) was used to analyze MSI and
LOH. Expression of ICAM-1 was detected by Envision immuno-
histochemistry. Experimental results were analyzed with
Leica-Qwin computer imaging techniques and SPSS
software of statistics.

RESULTS: ICAM-1 expression of lymphatic endothelium was
negative in normal colon and positive in colon cancer respectively.
The number of lymphatics positive for ICAM-1 was gradually
increased with degree of cancer invasion (P<0.01). In the
group with metastasis of colon cancer, the number of lymphatics
positive for ICAM-1 in lymph nodes was more than that in
the group with no metastasis (P<0.01). The frequency of
MSI, LOH and nm23H1 protein was 26.67%, 20.00% and
53.33% in colon cancer, respectively. In TNM staging, MSI
(43.75%) and nm23H1 protein (81.25%) in stages I+II were
detected more easily than the corresponding indexes (MSI:
7.14%, P<0.05 and nm23H1: 21.43%, P<0.01) in stages
III+IV. By comparison, the frequency of LOH (35.71%) in
stages III+IV was more than that of LOH (6.25%, P<0.05)
in stages I+II. LOH exhibited a rising trend along with the
Duke’s staging. nm23H1 protein in the group of tubular
adenocarcinoma (60.00%) was higher expressed than that
in the group of mucoid adenocarcinoma (20.00%) (P<0.01),
and exhibited a rising trend with the differentiation degrees
of tubular adenocarcinoma. nm23H1 protein in MSI positive
group was higher expressed (75%) than that in MSI negative
group (45.45%, P<0.05).

CONCLUSION: The expression of ICAM-1 in lymphatic vessels
is beneficial to the judgement of the invasion and metastasis
ability of colon cancer and the anti-tumor immunity function,
and shows an important clinical significance in predicting
lymphatic metastasis of colon cancer. MSI and LOH may
separately control the development of sporadic colon cancer
with different pathways. LOH mostly arises in the late period
of sporadic colon cancer and endows a high aggressive and
poor prognostic phenotype. By compassion, MSI may be an
early period molecule marker for sporadic colon cancer,

enhanced expression of nm23H1 protein can effectively
inhibit colon cancer metastasis and improve prognosis of
sporadic colon cancer patients.

Su ZH, Li JC. Lymphatic metastasis and nm23H1 genetic instability
in Chinese colon cancer patients. World J Gastroenterol  2004;
10(19): 2800-2804
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INTRODUCTION
Colon cancer is one of the common malignant tumors. A series
of investigations have revealed that the main reason why it gives
rise to death of patients lies in its invasiveness and metastasis[1].
Therefore, preventing colon deterioration and decreasing the
death rate of colon cancer is of great significance. So far, it has
been known that many factors may have an influence on colon
cancer, such as anti-oncogenes, adhesion molecular E-selectin
and E-cadherin, vascular endothelial growth factor and matrix
metal protein (MMP-2)[2-5]. Among these factors, anti-oncogene
and adhesion molecules have become the “hot spots” in research
of colon cancer[6-8].
       Intercellular adhesion molecule-1 (ICAM-1), an important
transmembrane glycoprotein, is negatively expressed on endothelial
cells of lymphatic vessels in normal conditions[9, 10]. ICAM-1 could
induce attachment of cells such as lymphocytes to endothelial
cells of blood vessels, and traverse blood vessels, aggregate
antigens and take part in immune and inflammatory reactions.
When tumors appeared in the body, lymphatic vessels became
the main pathway for tumor cells to be transferred as a result of
their own permeability[11]. In the process, recognition, adhesion,
morphologic change and penetration between cells were
involved. Vasse et al.[12]. reported that breast cancer cells could
over-express the specific ligands of ICAM-1 (lymphocyte function
associated antigen 1, LFA-1). With the development of cancer,
the expression of LFA-1 went to an ascending trend on cancer
cells. All the results indicated that ICAM-1 might take part in the
metastasis. How endothelial cells of lymphatic vessels express
ICAM-1? Few reports are available about whether endothelial
cells of lymphatics express ICAM-1 or not in cancer tissue and
whether ICAM-1/LFA-1 take part in the process of cancer cells
attached to endothelial cells of lymphatics and metastasis.
       nm23H1 is one of the main anti-oncogenes. A great number
of experiments indicated that inactivation of these genes, that
is, genetic instability, resulted in metastasis[13,14]. However, there
were few researches of these genes on colon cancers[15]. In
order to further investigate the pathogenic mechanism of colon,
we examined the instability of D17S396 of nm23H1 in unrelated
patients with the single strand conformation polymorphism
analysis of polymerase chain reaction products (PCR-SSCP).

MATERIALS AND METHODS
Case selection and extraction of DNA
Thirty-two specimens were obtained during 2000 to 2002. There
were 21 males and 11 females, aged 27-77 years. Twenty-seven
cases were patients with tubular adenocarcinoma,  5 cases were



patients with mucoid adenocarcinoma in histological types. A
senior pathologist made the final diagnosis on the basis of
histological examination. No patient received radioactive therapy,
chemotherapy before operation. Fresh surgical tissue samples
were fixed immediately in formaldehyde solution for 12-24 h and
paraffin-embedded for PCR-SSCP and immunohistochemical assay.

DNA extraction
DNA was extracted according to the standard protocols.

PCR amplification
Designed primers were synthesized by Shanghai Shengyou
Biology Company. The primer sequences were (sense) 5’- TTGA
CCGGGGTAGAGAACTC -3’, (antisense) 5’- TCTCAGTACTT
CCCGTGACC -3’. PCR mixture contained 200 ng of template-
DNA and PCR reaction buffer containing 50 mmol/L KCl,
10 mmol/L Tris-HCl (pH 8.4), 1.5 mmol/L MgCl2, 0.5 µmol/L
each of two fragment-specific primers, 100 µmol/L each of dATP,
dGTP, dTTP and dCTP, and 2 units of Taq DNA polymerase
(Shanghai Shengyou Biology Company) for a reaction volume
of 50 µL. The conditions for all PCR amplifications were at 94 
for 5 min for pre-denaturation, at 94  for 45 s, at 62  for 45 s
and at 72  for 45 s. Amplification was carried out for 35 cycles
with a final extension for 10 min at 72 . The amplified fragments
were run in 1% agarose gel.

SSCP analysis
SSCP analysis of fragments was performed on a mini electropho-
resis Unit (Bio-Rad Company, USA). Ten microlitre of the PCR
product was diluted with 10 µL of sample buffer containing
90% formamide, 0.05% bromphenol blue dye and 0.05% xylene
cyanol. The samples were heated at 100  for 8 min, transferred
into an ice-cold water bath for 3 min, and analysed by 8% PAGE
in 45 mmol/L-Tris-borate (pH8.0)/1 mmol/L-EDTA (TBE) buffer
under 13 v/cm at 10 .

DNA silver staining
Gels were stained with silver as follows. Gels were firstly fixed
in 100 mL/L alcohol for 10 min and then oxidized in 100 mL/L
nitric acid for 3 min. After washed for 1 min with double
distilled water, they were stained in 2 g/L silver nitric acid
for 5 min and washed for 1 min with double distilled water. Gels
showed appropriate color in 15 g/L anhydrous sodium carbonate
and 4 mL/L formalin and then the reaction was terminated by
7.5 mL/L glacial acetic acid. Finally they were washed with
double distilled water.

Immunohistochemical assay
Immunohistochemical study was performed using Envision
method. Briefly, 5 µm thick sections of the tissue were
deparaffinized and rehydrated. Endogenous peroxidase activity
was blocked with 3% hydrogen peroxide for 20 min. After three
times of rinsing with 0.01 mol/L phosphate-buffered saline (PBS)
(pH = 7.4), the slides were incubated with 10% normal goat serum

at room temperature for 10 min to block the nonspecific reaction,
and incubated for two hours with anti-ICAM-1 antibody. After
rinsed in PBS for five min, they were incubated with Envision
complex for two hours at room temperature, and stained with
DAB after washed in PBS.

Statistical analyses
The experimental results were expressed as mean±SD. The
correlation was analyzed with SPSS 8.0 software. P value less
than 0.05 was regarded as statistically significant.

RESULTS
Expression of ICAM-1 in lymphatic endothelial cells
In the submucosa of normal colon, there existed a few lymphatic
vessels with large, irregular cavities and thin walls. Simple
squamous epithelia lined on them had no expression of ICAM-1
(Figure 1A). But in the submucosa and peripheral area of
colon cancer, the number of lymphatic vessels was increased.
Significant differences existed between them (P<0.01) (Table1).
The expression of lymphatic endothelial cell was positive for
ICAM-1 in colon cancer (Figure 1B). With the degree of cancer
invasion, lymphatic vessels positive for ICAM-1 showed an
increasing trend (P<0.01) (Table 2). When cancer metastasis
appeared in the peripheral lymph node, ICAM-1 was strongly
expressed in endothelial cells of their peripheral lymphatic
vessels, and the number of lymphatic vessels positive for
ICAM-1 was to the highest (Table 2).

Table 1  Comparison of ICAM-1 expression between colon
cancer and normal colon (mean±SD)

Group Cases  ICAM-1/15HPF

Normal colon      5                       11.001±1.58
Colon cancer    32                       26.131±9.19b

aP<0.05, bP<0.01, vs normal colon group.

Genetic instability at D17S396 of nm23H1
Microsatellite fragments of D17S396 were amplified. The positive
rate of D17S396 MSI (Figures 2A, B), LOH (Figure 2C) and
nm23H1 protein (Figure 2D) was 26.67%, 20.00% and 53.33%
respectively in 30 cases of colon cancer (Table 3).
       MSI and LOH were independent of the histological type of
colon cancer, the degree of differentiation and Duke’s stage
were related to the clinical TNM stage. In TNM staging, the
frequency of MSI (43.75%) in stages I+II was more than that in
stages III+IV (7.14%, P<0.05). In contrast, LOH (35.71%) in
stages III+IV was detected more easily than that (6.25%, P<0.05)
in stages I+II. In addition, LOH exhibited an ascending trend
with the Duke’s stage (P<0.01).

Expression of nm23H1 protein
The positive rate of nm23H1 protein was related with the
histological type of colon cancer, differentiation degree and

Table 2  ICAM-1 expression in colon cancer (mean±SD)

            ICAM-1
Dukes stage  Cases   ICAM-1/15HPF P Value

         Low-expression                  High-expression

A     5                           3       2       19.671±5.59
B   15                           6       9       23.571±9.65
C   10                           3       7       25.591±8.07    <0.01
D     2                           0       2       35.681±2.51

Metastasis   12                           3       9       28.091±8.33
No metastasis   20                         11       9       22.621±8.99
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clinical stage. The expression of nm23H1 protein in the group
of tubular adenocarcinoma (60.00%) was apparently higher than
that in the group of mucoid adenocarcinoma (20.00%, P<0.01),
and exhibited a rising trend with the differentiation degrees of
tubular adenocarcinoma (P<0.01). The positive rate of nm23H1

in stages I+II (81.25%) was greater than that in stages III+IV

Table 3  Relationship between clinical pathological parameter and nm23H1 genetic instability in colon cancer (mean±SD)

Cases      MSI(%)     LOH(%)  nm23(%)           nm23 expression

Histological types    30     8 (26.67)     6 (20.00)  16 (53.33)    40.21±3.29
Tubular adenocarcinoma    25     7 (28.00)     5 (20.00)  15 (60.00)    40.76±2.74
High differentiation       8     2 (25.00)     1 (12.50)   8 (100.00)    41.49±2.01
Intermediate differentiation    13     5 (38.46)     2 (15.38)   6 (46.15)    40.41±1.98
Poor differentiation       4     0 (0.00)     2 (50.00)   1 (25.00)d    40.18±2.17
Mucoid adenocarcinoma       5     1 (20.00)     1 (20.00)   1 (20.00)b    39.53±2.61
TNM stage
Stage I+II    16     7 (43.75)     1 (6.25)  13 (81.25)    42.42±1.08
Stage III+IV    14     1 (7.14)e     5 (35.71)e    3 (21.43)f    39.49±2.57
Dukes stage

A       5     2 (40.00)     0 (0.00)   4 (80.00)    41.32±2.18
B    15     5 (33.33)     3 (20.00)   8 (53.33)    40.69±2.11
C       8     1 (12.50)     1 (12.50)   4 (50.00)    42.32±1.66
D       2     0 (0.00)     2 (100.0)h   0 (0.00)    39.24±2.32

aP<0.05, bP<0.01, vs tubular adenocarcinoma group;  cP<0.05, dP<0.01 vs high differentiation group;  eP<0.05, fP<0.01, vs stage I+II
group; gP<0.05, hP<0.01 vs A, B, C groups respectively.

(21.43%) (P<0.01). The same phenomenon occurred between
the group positive for MSI (75%) and the group negative for
MSI (45.45%) (P<0.05) (Table 4). However, LOH had no effect
on the expression of nm23H1 protein (Table 4). Computer imaging
analysis showed that there was a difference among the groups
in nm23H1 protein expression level.

Figure 1  Expression of ICAM-1 in lymphatic endothelial cells. A: Negative expression of ICAM-1 in the lymphatic endothelium
(L) of normal colon and positive expression of ICAM-1 in blood vessel endothelium (arrow) (Envision, original magnification
×400); B: Positive expression of ICAM-1 in the lymphatic endothelium (arrow) of colon cancer (Ca) (Envision, original magnifi-
cation ×400).

Figure 2  Positive D17S396 MSI, LOH and nm23H1 in 30 cases of colon cancer. A: Positive MSI (arrow-headed) with an additional
allele band (1C) compared with normal tissue (1N); B: Positive MSI (arrow-headed) with a removed allele band (4C) compared with
normal tissue (4N); C: Positive LOH (arrow-headed) with a lacked allele band (9C) compared with normal tissue (9N); D: Positive
nm23H1 protein (arrow-headed) in cytoplasm, and nucleoli and membranes (Envision, original magnification ×200).
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Table 4  Relationship between LOH, MSI and nm23 protein
expression (mean±SD)

Groups          Cases Expression of         Intensity of
          nm23 protein(%)       nm23 protein

Positive to MSI   8   6/8 (75.00)          39.06±2.14
Negative to MSI 22 10/22(45.45)          41.14±2.36
Positive to LOH   6   2/6 (33.33)          41.23±2.27
Negative to LOH 24 14/24 (58.33)          39.44±2.52

DISCUSSION
Metastasis, the spread of cells from primary neoplasms to distant
sites and their growth at that location, is the most harmful
aspect of cancer. Despite great improvements in early diagnosis,
surgical techniques, general patient care, local and systemic
adjuvant therapies, most deaths from cancer are attributable to
metastases that are resistant to conventional therapies. During
metastatic cascade, tumor cells interact with various host cells
as well as extracellular matrices and basement membrane components
including laminin, fibronectin, and type I collagen through
certain adhesion molecules such as integrins. Such adhesive
interactions may lead to the enhancement of survival, arrest, or
invasiveness of tumor cells and is one of the most important events
in the metastatic process[14-17].
       Intercellular adhesion molecule-1 (ICAM-1) is a single tran-
smembrane glycoprotein and has two patterns in the body. One
is located on the endothelial cells of blood vessels and is consisted
of outmembrane region, transmembrane region and cytoplasmic
region. The other (sICAM-1) is soluble in serum and is consisted
of extracellular domains and originates from leucocytes,
endothelial cells and hepatocytes[18-20]. The specific ligand of
ICAM-1, LFA-1, can be expressed on the surfaces of leucocytes
and lymphocytes. In normal conditions, ICAM-1/LFA-1 plays
an important role in various immune responses.
       How ICAM-1 expresses when tumors appear in the body?
In the present case, ICAM-1 was expressed on endothelial
cells of lymphatic vessels in colon cancer. With the degree of
cancer invasion, lymphatic vessels positive for ICAM-1
showed an increasing trend. When cancer metastasis appeared
in peripheral lymph nodes, ICAM-1 was strongly expressed on
endothelial cells of peripheral lymphatic vessels, and the number
of lymphatic vessels positive for ICAM-1 was the highest. The
results might give a hint that cancer cells can be transferred
into lymphatic vessels in combination with LFA-1. Furthermore,
sICAM-1 transformed from ICAM-1 could inhibit natural killer
cells, which could activate lymphocytes and restrict major
histocompatibility complex (MHC) to react with T cells and
tumor cells, thus promoting tumor cells to escape[21-23]. Therefore,
sICAM-1 could strengthen and promote cancer cells to survive
and transfer in lymphatic vessels when tumor metastasis occurred.
      Genetic instability is the main reason why tumors appear
and transfer[24-31]. MSI and LOH could induce canceration in
the body. MSI was firstly found in hereditary non-polyposis
colorectal cancer (HNPCC), and then in some kinds of sporatic
tumors such as colon cancer, gastric cancer, uterus cancer, breast
cancer, prostate cancer and pancreatic cancer. Our results showed
that DNA from thirty Chinese patients at the site of D17S396
appeared microsatellite instability, the incidence was 26.67%.
Subsequent experiments indicated that the incidence of MSI at
the site of D17S396 in the stage of TNM I+II was greater than
that in the stage of TNM III+IV, suggesting that MSI might be
one of the markers for early colon cancer.
      In contrast to MSI, the incidence of LOH at the site of
D17S396 increased with the degree of Duke stage. Therefore,
our results made it clear that LOH of nm23H1 appeared at the
later stage of colon cancer, which endowed colon cancer with

a high invasiveness and a poor prognosis.
       The expression of nm23H1 has a negative relationship with
tumor metastasis. Leone et al.[32] found that nm23H1 had a
function on the prevention of tumor metastasis by inhibiting
the ability of cancer cells to clone. With the degree of tumor
stage, the expression of nm23H1 decreased. Our results indicate
that with the development of colon cancer, the expression of
nm23H1 decreases.
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Abstract

AIM: To screen and identify the proteins which interact
with hepatitis B virus (HBV) X protein in hepatocytes by yeast
two-hybrid system and to explore the effects of X protein
in the development of hepatocellular carcinoma (HCC).

METHODS: With HBV X gene amplified by polymerase chain
reaction (PCR), HBV X bait plasmid, named pAS2-1-X, was
constructed by yeast-two hybridization system3 and verified
by auto-sequencing assay. pAS2-1-X was transformed into
the yeast AH109, and X-BD fusion protein expressed in the
yeast cells was detected by Western blotting. The yeast
cells cotransformed with pAS2-1-X and normal human liver
cDNA library were grown in selective SC/-trp-leu-his-ade
medium. The second screen was performed with β-gal
activity detection, and false positive clones were eliminated
by segregation analysis, true positive clones were amplified,
sequenced and analyzed with bioinformatics. Mating
experiment was peformed to confirm the binding of putative
proteins to X protein in the yeast cells.

RESULTS: Bait plasmid pAS2-1-X was successfully constructed
and pAS2-1-X correctly expressed BD-X fusion protein in
yeast AH109. One hundred and three clones grew in the
selective SC/-trp-leu-his-ade medium, and only one clone
passed through β-gal activity detection and segregation
analysis. The inserted cDNA fragment showed high
homology with Homo sapiens cytochrome C oxidase III
(COXIII). Furthermore, mating experiment identified that
the binding of COXIII to X protein was specific.

CONCLUSION: COXIII protein is a novel protein that can
interact with X protein in vivo by yeast two-hybrid system,
and may contribute to the development of HCC through
the interaction with X protein.

Li D, Wang XZ, Yu JP, Chen ZX, Huang YH, Tao QM. Cytochrome
C oxidase III interacts with hepatitis B virus X protein in vivo
by yeast two-hybrid system. World J Gastroenterol  2004;
10(19): 2805-2808

http://www.wjgnet.com/1007-9327/10/2805.asp

INTRODUCTION
Hepatitis B virus (HBV) belongs to the family hepadnaviridae
which replicate their genome by reverse transcription, and causes
acute and chronic hepatitis and is strongly associated with the
development of primary hepatocellular carcinoma (HCC)[1,2]. HBV
has a unique open reading frame, with the sequence being highly
conserved among different mammalian hepadnaviruses, coding
for a 16.5 kDa protein known as hepatitis B virus X protein (HBx).
X gene is a multifunctional regulatory factor which has been
identified as a potential oncogene. Transcriptional activation
of diverse cellular genes by the HBx has been suggested as
one of the mechanisms for HBV-associated HCC[2]. HBx has
been shown to activate a wide variety of cellular and viral genes
in trans activation including the HBV enhancers, tumor suppressor
p53[3,4], and proto-oncogenes c-jun, c-fos and c-myc[5,6]. HBx-
responsive elements also include nuclear factor kappa B (NF-
κB), activator protein-1 (AP-1), activator protein-2 (AP-2) and
cAMP-response element (CRE)[7,8]. Since HBx has no ability
to bind to dsDNA, protein-protein interaction seems to be
crucial for HBx transactivation. The interaction of HBx with
cellular proteins may trigger a cascade of phosphorylation and
dephosohorylation events which might lead to a general up-
regulation of gene expression[9]. Identification of cellular X-
interactive proteins would provide insights into the mechanism
of HBV celluar effects. Several technigues have been used to
study possible protein-protein interaction with HBx. Using these
approaches, HBx has been discovered to interact with many
proteins[9]. Nonetheless, to the author’s knowledge, the functional
significance of these interactions has not yet been elucidated.
In the present study, we screened a clone encoding a novel X-
interactive protein which was homologous to Homo sapiens
cytochrome C oxidase III (COXIII) from normal human liver cDNA
library by the Saccharomyces cerevisiae two-hybrid system.

MATERIALS AND METHODS
Plasmids and cells
Plasmids pAS2-1, PCL1, PLAM5’-1, normal human liver  pACT2-
cDNA library and Saccharomyces cerevisiae AH109 were
purchased from Clontech, USA. Saccharomyces cerevisiae
AH109 was grown in YPD medium (10 g/L yeast extract, 20 g/L
peptone, 20 g/L dextrose). This yeast strain carried LacZ, HIS3
and ADE2 reporter genes under the control of Gal4-binding
site and was used to screen the liver cDNA library. Escherichia
coli JM105 was provided as a gift from Research Institute of
Hepatology, Beijing University, China.

Reagents
Restriction enzymes (EcoRI and Pst I), TaqDNA polymerase
and T4 DNA ligase were purchased from Promega, USA. DNA
gel extraction kit was provided by Jingmei Company, China.
Gal4 DNA-BD monoclonal antibody, matchmaker AD LD-insert
screening amplimers and yeast culture medium were purchased
from Clontech, USA. Glass beads (acid-washed) were purchased
from Sigma, USA. Alkaline phosphatase-conjugated goat anti-
mouse IgG was purchased from Wuhan Boster Biological
Technology Company, China.



pAS2-1-X construction
The X region of the HBV genome was amplified by PCR with
XF and XR as forward and reverse primers which contained an
EcoRI site and a PstI site, respectively, for convenience of cloning.
The sequences of the primers with the restriction enzyme sites
underlined were: XF, 5’-ACGGAATTCATGGCTGCTAGGCTGTG-
3’; XR, 5’-ATCCTGCAGAGGTGAAAAAGTTGCAT-3’. The
fragment amplified was from nucleotides 1 374 to 1 838 on HBV
genome. The template for this reaction was extracted from sera
of HBV DNA-positive patients. The reaction mixture was
subjected to 30 cycles of PCR amplification. Each cycle included
denaturation at 94  for 30 s, annealing at 58  for 1 min, and
extension at 72  for 30 s , and a final extension for 7 min at 72 .
The approximate 464 bp fragment was digested by EcoRI and
Pst I, and recombined into the plasmid pAS2-1 by T4 DNA
ligase. The reconstructed plasmid was subsequently named
pAS2-1-X and identified by PCR and auto-sequencing assay.
Auto-sequencing assay was performed in Bioasia Biologic
Technology Company and the resulting sequence was analyzed
in the database of EMBL\GeneBank by the BLAST program.

Transformation of pAS2-1-X into AH109
Yeast AH109 was transformed with pAS2-1-X by lithium
acetate-mediated method demonstrated by Gietz et al.[10] and
plated in selective SC/-trp medium. Plasmids were isolated from
transformants and X gene was amplified. Filter assay was used
to exclude the auto-activation function of pAS2-1-X in AH109.
Expressed X-BD fusion protein in yeasts transformed with
PAS2-1-X was detected by Western blotting. The cells were
collected by centrifugation and yeast protein extract was
prepared according to urea/SDS method. SDS-polyacrylamide
gel electrophoresis was performed and protein extracts were
electroblotted onto nitrocellulose membrane. After being
blocked with nonfat milk, the membrane was added to 1:3 000
diluted Gal4 DNA-BD monoclonal antibodies and incubated
for 1 h, after washed with TBST. Then, the secondary alkaline
phosphatase-conjugated goat anti-mouse IgG was added and
incubated for 2 h. The proteins were visualized with 5-bromo-
4-chloro-3-indolyl phosphate and nitro blue tetrazolium.
Protein extracts of untransformed yeast cells were used as
negative control.

Screening of human liver cDNA library by the yeast two-hybrid
system
The screening procedure used here was a modification of the
method described by Gietz et al.[10]. Yeast cells were transformed
with pAS2-1-X and pACT2-cDNA library by lithium acetate-
mediated method , plated in selective SC/-trp-leu-his-ade medium,
incubated at 30  for 7 d and selected for histidine, leucine and
tryptophan prototrophy. The freshly growing clones were
assayed for β-gal activity by replicaplating the yeast
transformants onto Whatman filter paper. The filters were then
snap frozen twice in liquid nitrogen for 10 s and incubated in
a buffer containing 5-bromo-4-chloro-3-indolyl-β-D-
galactopyranoside solution at 30  for 1-8 h. Positive interactions
were detected by appearance of blue clones. Plasmids PCL1
and PLAM5’-1 were transformated into AH109 as positive and
negative controls, respectively. Segregation analysis was
performed to eliminate false positive clones and thus true
positive clones were obtained.

Analysis of positive clones
pACT2-cDNA plasmid genome was isolated following the
method described by Gietz et al.[10]. Briefly, the true positive
clones were incubated with SC/-leu liquid medium at 30 
overnight, followed by spinning down the cells by centrifuging
at 14 000 g for 5 min,  and resuspension of pellets in lysis buffer

(20 g/L Triton 100, 10 g/L SDS, 10 mmol/L NaCl, 10 mmol/ L Tris-
HCl, pH8.0, 1 mmol/L Na2EDTA) was added with phenol,
chloroform and isoamyl alcohol (volume fraction 25:24:1). Then
the suspension was vortexed vigorously with acid-washed
glass beads, lysate was centrifugated and plasmid DNA was
harvested. The pACT2-cDNA plasmid was purified by CsCl
gradient centrifugation to permit PCR using the matchmaker
AD LD-insert screening amplimers which annealed to GAL4-
AD. The PCR reaction consisted 30 amplification cycles, each
cycle included denaturation at 94  for 30 s, annealing at 68 
for 3 min, and a final extension for 7 min at 72 . Auto-sequencing
assay was performed in Shanghai Sangon Biological Engineering
Technology and Service Corporation, the resulting sequences
were compared against the databases of EMBL\GenBank by
the BLAST program.

Mating experiment
pAS2-1-X, pAS2-1, pLAM5’-1 transformed yeasts in SC/-trp
medium and positive clones were incubated in SC/-leu medium
at 30  for 2 d, respectively, then removed. Two types of
transformants were incubated into YPD medium at 30  for 4 h.
Finally, transformants were subcultured in SC/-leu-trp medium,
incubated at 30  for 2 d and assayed for β-gal activity.

RESULTS
Identification of the pAS2-1-X
The fragment of approximately 460 bp was amplified from the
reconstructed plasmid pAS2-1-X, and auto-sequencing assay
confirmed the fragment inserted into plasmid pAS2-1 had a
high identity (99.9%) with X gene.

Detection of the transformed yeast AH109
X gene was amplified from the plasmid isolated from the
transformed yeast cells (Figure 1). Filter assay excluded the
auto-activation function of pAS2-1-X in the cells. Staining for
X-BD was obtained in yeast cells transformed with pAS2-1-X
(Figure 2). pAS2-1-X could be used as a bait plasmid in yeast
two-hybrid system.

Figure 1  Result of detection of X gene in yeasts transformed
with pAS2-1-X. M: PCR marker; lanes 1 and 2: transformed
yeasts; lanes 3: untransformed yeasts; N: negative control.

Figure 2  Western blot analysis of expressed fusion protein in
yeasts transformed with PAS2-1-X. Lane 1: protein moclecular
weight standard; lane 2: protein extracted from transformed
yeasts; lane 3: protein extracted from untransformed yeasts.
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Screening of the liver cell cDNA library
Of the 5×106 transformants screened, 103 were grown in the
selective SC/-trp-leu-his-ade medium, 19 were positive for β-
gal activity, and only 1 clone passed through the segregation
analysis.

Analysis of positive clones
The fragment of approximately 900 bp was amplified from the
true positive clones (Figure 3). DNA sequence analysis of the
fragment revealed that the yeast plasmid insert had a high
identity (98%) with the Homo sapiens COXIII gene (GeneBank
ID: BC013930).

Mating experiment
The transformants containing pAS2-1-X and positive pACT2-
cDNA gave a blue colour by filter assay, whereas the transformants
containing pAS2-1 or pLAM5’-1 and positive pACT2-cDNA
gave a white colour. Mating experiment confirmed the specific
interaction between positive clones and HBx (Figure 4).

Figure 3  Results of amplification for cDNA fragment by PCR
from the positive clones. M: 100 bp DNA ladder; lane1: positive
clone; N: negative control.

Figure 4  Mating experiment for the interaction between
COXIII and X protein in yeast cells.

DISSCUSION
Chronic HBV infection is strongly associated with the
development of HCC, but the mechanisms by which HBV
induces events leading to the genesis of HCC remains unclear.
Several studies have suggested a possible role of HBx in the
process of HCC, a few studies have reported transformation of
certain cell types in vitro by HBx[11]  and initiation of HCC in
HBx transgenic mice[12,13], but its direct oncogenicity seems to
depend on the strength, and duration of protein expression
and the genetic background of mice and cells. It is more likely
that HBx causes transactivation of cell regulatory genes or
interacts with one or more cellular proteins to initiate the
development of human HCC through upregulation of cell
growth and mutagenesis. The transactivation function of HBx
has been shown to involve both direct interaction with
transcriptional factors, such as RPB5 of RNA polymerases[14],
TATA-binding protein[15] or activating transcription factor
(ATF) /CRE-binding protein (CREB)[16] and activation of signal
transduction pathways, such as ras/raf/MAP-kinase[17], protein
kinase C (PKC)[18] and SAPK/JNK[19,20]. HBx is predominatly
localized in the cytoplasm with a low level of nuclear distribution,
whereas recent findings from two independent laboratories

indicated that HBx could localize at the mitochondria. Confocal
laser microscopy of hepatoma cells transfected with respective
expression vectors showed colocalization of the third member
of the family of human genes that encode the voltage-dependent
anion channel (HVDAC3) and HBx in mitochondria. Moreover,
stable cationic fluorophore dye showed that HBx expression in
hepatoma cells led to alteration of mitochondrial transmembrane
potential, an abnormal aggregation of mitochondrial structures,
release of cytochrome C from mitochondria, decrease of
mitochondrial membrane potential and membrane blebbing of
cells, which are characteristics of cell death. These functional
roles of HBx in affecting mitochondrial physiology are associated
with HBV-induced liver injury and development of HCC[21,22].
      Since HBx seems to accomplish its functions via protein-
protein interaction, identification of the HBx- interactive cellular
proteins represents a major goal in order to define the function
of HBx in HBV replication and liver carcinogenesis. The yeast
two-hybrid system using a genetic approach, offers a way to
clone and identify genes that interact with a protein of interest
through in vivo complementation in yeast cells[23,24]. In the
present study, we screened and cloned a novel HBx-interactive
protein from a normal human liver cDNA library. Sequence
analysis revealed it was the homolog of Homo sapiens COXIII.
The interaction of HBx with COXIII was confirmed by yeast-
two hybridization system 3. The growth of yeast cells harboring
both pAS-1-X and pACT2-COXIII recombinant plasmids in
His-independent medium, formation of blue-colonies detected
by the β-gal assay, and the behaviors of the cells in false-
positive elimination tests suggested that the binding of COXIII
was HBx specific. Mating experiment further identified the
interaction between COXIII and HBx in yeast cells.
       Cytochrome C oxidase (COX), the terminal enzyme of the
mitochondrial respiratory chain, catalyzes the transfer of electrons
from reduced cytochrome C to molecular oxygen. COXIII, which
is encoded by the mitochondrial DNA and synthesized within
the mitochondria, represents one of the large subunits of COX
and acts as the catalytic core of the enzyme[25]. Defective COX
activity resulting in deficient adenosine triphosphate generation
may contribute to the development of Alzheimer’s disease[26],
cardiomyopathy[27], neonatal giant cell hepatitis[28] and other
clinically heterogeneous diseases[29,30]. Incorrect assembly of
the critical subunits incluing COXI,COXIIand COXIII, is a major
mechanism leading to COX deficiencies. COX also plays a key
role in inducing apoptosis in multiple cell types through
transcriptional activation of the respective genes[31]. Mitochodrial
dysfuction and transcriptional function changes have been
identified to be associated with chronic liver disease and
oncogenic processes[32]. Kuo et al.[33] reported the integration
of HBV with human hepatoma cells might cause mitochondrial
defects in the ATP synthase 6 and COXIII genes. Studies on
the effects of HBx on apoptotic pathways indicated that HBx
blocked the actirit, of caspases 8, 9 and 3 and the release of
cytochrome c, it also upregulated PKC, extracellular signal-
regulated kinase (ERK), phosphatidyl inositol-3-kinase (PI-3-K)
and NF-κB activity[34]. The study of NF-κB and HBx expression
in human HCC tissues detected by immunohistochemistry SP
method strongly suggested that NF-κB was abnormally
activated in HCC, which was probably related to HBx. The ability
of HBx to induce the activation of NF-κB has been demonstrated
by mobility shift and reporter gene expression assays with
lysates from HBx-transfected HepG2 cells[35]. Furthermore, HBx
was shown to bind to a voltage-dependent anion channel and
alter the mitochondrial transmembrane potential and consequently
induce activation of transcription factors, which include STAT-3
and NF-κB[21]. Cogswell et al.[36] reported that the NF-κB regulatory
pathway existed in mitochondria and NF-κB could negatively
regulate the expression of both COXIII and cytochrome B
mRNAs. Whether and how the interaction of HBx with COXIII
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regulates the activity of transcription factor NF-κB has
remained obscure. However, based on our data, we hypothesize
that HBx might impair mitochondrial respiration chain and energy
metabolism by combining COXIII.
     Future investigations will focus on the identification of
COXIII properties and physiological significance of interaction
of HBx with COXIII and probably with other mitochondrial
proteins. Further inquiries in this area may pave the way for
investigation of possible mechanisms leading to chronic
infection and subsequent progression to HCC in the context of
mitochondrial association of HBx.
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Abstract

AIM: Cyclooxygenase (COX)-2 is over expressed in
gastrointestinal neoplasm. Helicobacter pylori (H pylori)
infection is causally linked to gastric cancer. However, the
expression of COX-2 in various stages of H pylori-associated
gastric carcinogenesis pathway has not been elucidated.
Therefore, the aim of this study was to clarify the role of
H pylori induced COX-2 expression during carcinogenesis
in the stomach.

METHODS: Gastric biopsies from 138 subjects [30 cases
of chronic superficial gastritis (CSG), 28 cases of gastric
glandular atrophy (GA), 45 cases of gastric mucosal intestinal
metaplasia (IM), 12 cases of moderate gastric epithelial
dysplasia and 23 cases of gastric cancer] were enrolled.
H pylori infection was assessed by a rapid urease test and
histological examination (modified Giemsa staining). The
expression of COX-1 and COX-2 in human gastric mucosa
was detected by immunohistochemical staining.

RESULTS: H pylori infection rate was 64.3% in GA and 69.5%
in gastric cancer, which was significantly higher than that
(36.7%) in CSG (P<0.05). The positive expression rates of
COX-2 were 10.0%, 35.7%, 37.8%, 41.7% and 69.5% in
CSG, GA, IM, dysplasia and gastric cancer, respectively.
From CSG to GA, IM, dysplasia and finally to gastric cancer,
expression of COX-2 showed an ascending tendency, whereas
COX-1 expression did not change significantly in the gastric
mucosa. The level of COX-2 expression in IM and dysplasia
was significantly higher in H pylori-positive than in H pylori-
negative subjects (P<0.01).

CONCLUSION: COX-2 expression induced by H pylori infection
is a relatively early event during carcinogenesis in the stomach.
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INTRODUCTION
Gastric cancer remains the world’s second, and the Chinese
first, commonest cause of cancer related deaths[1]. There is
epidemiological evidence that Helicobacter pylori (H pylori)
infection is causally linked to gastric cancer[2,3]. It has been
classified as a class I biological carcinogen by the World
Health Organization[4]. However, the exact mechanism
responsible for the development of gastric cancer in H pylori-
infected patients still remains obscure. According to Correa’s
[5] model, gastric cancer develops in a multistep process from
chronic active gastritis, gastric glandular atrophy (GA),
intestinal metaplasia (IM), dysplasia, and finally to gastric
cancer. Recent studies have shown that H pylori infection
induces cyclooxygenase-2 (COX-2) expression in human gastric
mucosa[6-8]. COX-2, an inducible isoform of cyclooxygenase
enzyme, which converts arachidonic acid to prostanoids, is
strongly expressed in colorectal cancer[9,10], pancreatic cancer[11],
hepatocellular carcinoma[12,13], esophageal cancer[14,15], and
gastric cancer[16,17]. Several studies have also shown that COX-
2 expression is increased in premalignant lesions including
colonic adenoma[9], Barrett’s esophagus[18,19], and gastric
adenomas[20], indicating that this enzyme may be involved in
the early process of carcinogenesis.
       It is well known that H pylori infection causes inflammation,
and COX-2 is involved in inflammatory responses and also
related to carcinogenesis. However, COX-2 expression in
various stages of H pylori-associated gastric carcinogenesis
pathway has not been elucidated. To clarify the role of H pylori
induced COX-2 expression during carcinogenesis in the
stomach, COX-1 and COX-2 expression at different stages of
gastric carcinogenesis from inflammation, premalignant lesions,
to gastric cancer was investigated by using immunohistochemical
analysis in the present study.

MATERIALS AND METHODS
Patients
A total of 138 patients were studied. Of these, 78 were males
and 60 were females. The mean age was 52 years (range, 19-74).
Endoscopies with biopsy were performed in all patients.
Patients who took non-steroidal anti-inflammatory drugs
(NSAIDs), H2 receptor antagonists, proton pump inhibitors,
antimicrobials, bismuth compounds, over last 4 wk prior to the
examination, were excluded. The Medical Ethics Committee of
Nanjing Medical University approved this study and written
informed consent was obtained from all patients.

Endoscopy and histological assessment
All endoscopic examinations were performed under local
anesthesia with lidocaine. Four biopsy specimens, 2 from the
antrum within 2 cm of the pyloric channel and 2 from the corpus,
were taken during the procedure. When lesions suspected to
be cancerous were noted, additional biopsies were taken from
the site of lesions. Of these specimens, 2 (each from antrum
and corpus) were submitted to a rapid urease test (RUT), and
the others were processed for hematoxylin and eosin (H&E)
stain and modified Giemsa stain. The pathologic assessment



was performed by one pathologist according to the updated
Sydney system[21]. GA was defined as loss of glandular tissue
and fibrous replacement of lamina propria. IM or exchange of
crypts by intestinal epithelium was recognized by the presence
of goblet cells and absorptive cells.

Detection of H pylori infection
H pylori infection was identified by histological examination
using modified Giemsa stain and RUT (CLO test, Delta West,
Bentley, Australia). Patients were classified as H pylori positive
if any of the two examinations yielded a positive result. Subjects
were considered to be H pylori negative only when both assays
were negative for the organism.

Immunohistochemistry
Immunohistochemical staining for COX-1 and COX-2 was
performed by the avidin-biotin-peroxidase complex (ABC)
method using a Vectastain kit (Vector Laboratories, Burlingame,
CA). In brief, paraffin-embedded blocks were sectioned at about
4-µm thickness, deparaffinized, and rehydrated. After microwave
pretreatment in citrate buffer (pH 6.0) for antigen retrieval, slides
were immersed in 3 mL/L H2O2 in methanol for 30 min to block
the endogenous peroxidase activity. Nonspecific binding was
blocked with 50 mL/L rabbit serum (DAKO, Glostrup, Denmark)
in phosphate-buffered saline (PBS), and the tissues were then
incubated with goat polyclonal antibody against COX-1 or
COX-2 (1:200, Santa Cruz Biotechnology, Inc. Santa Cruz, CA)
in PBS containing 20 mL/L rabbit serum and 1 mL/L Triton 100
overnight at 4  in a humidity chamber. After being rinsed
with PBS, the sections were subsequently incubated with
biotinylated secondary rabbit anti-goat immunoglobulins
(1:400) for 45 min and then with avidin-biotin-peroxidase
complex for another 45 min. The color was developed in 3,3’-
diaminobenzidine tetrahydrochloride (Sigma Chemical Co., St.
Louis, MO) solution containing 0.3 mL/L H2O2. Nuclei were
counterstained with Mayer’s hematoxylin (Merck, Darmstadt,
Germany). Tissues of part sections were incubated with PBS
containing 20 mL/L rabbit serum and 1 mL/L Triton 100 without
the primary antibody as a negative control.

Evaluation of COX-1 and COX-2 immunostaining
In each section, 5 high-power fields were selected, and a total
of at least 1 000 cells were calculated. The percentage of positive
staining cells was graded semiquantitatively, and each sample
was assigned to one of the following categories: - (negative,
0% to 4%); + (weak, 5% to 29%); + + (moderate, 30% to 59%); or
+ + + (strong, more than 60%). All immunostained sections
were evaluated independently by two investigators who were
blind to the pathological and clinical data. Evaluations were
similar among assessors, with less than 10% disagreement. A
final consensus was achieved between the 2 assessors using
a multihead microscope.

Statistical analysis
Expressions of COX-1 and COX-2 between the 5 study groups
(CSG, GA, IM, dysplasia and gastric cancer) were compared by
Kruskal-Wallis nonparametric analysis of variance test, using
Dunn’s multiple comparison tests for post hoc comparison.
The association between COX-2 expression and H pylori
infection was analyzed using Fisher’s exact test. Statistical
significance was taken at P<0.05.

RESULTS
Histopathologic characteristics and the prevalence of H pylori
infection
Of the 138 patients, 63 were H pylori-positive and 75 were H pylori-

negative. Table 1 shows the histopathologic characteristics
and H pylori status. Histopathologic diagnosis in this
population included CSG (n = 30), GA (n = 28), IM (n = 45),
moderate dysplasia (n = 12) and gastric cancer (n = 23). The
rates of H pylori infection in GA and gastric cancer were
significantly higher than that in CSG.

Table 1  Rates of H pylori infection in various gastric mucosal
lesions

Pathological diagnosis              n                         H pylori rate (%)

CSG 30 36.7
GA 28 64.3a

IM 45 31.1
Dysplasia 12 33.3
Gastric cancer 23 69.5a

aP<0.05 vs CSG.

Expression of COX-1 and COX-2 in human gastric mucosa with
various lesions
COX-1 was clearly detected in the gastric foveolar and glandular
epithelium including parietal cells. Patchy cytoplasmic staining
for COX-1 was also seen in the inflammatory mononuclear cells
and macrophages, myofibroblasts, as well as endothelial cells
in the lamina propria. Spotty cytoplasmic staining for COX-1
was seen in gastric cancer cells (Figure 1). Perinuclear and
cytoplasmic staining for COX-2 was mainly seen in the foveolar
and glandular epithelium, and mild staining in mononuclear
inflammatory cells and macrophages in the lamina propria. Strong
expression of COX-2 was also found on glandular epithelium of
IM and dysplasia. Immunoreactivity of COX-2 protein showed
diffuse staining in the cytoplasm of gastric cancer cells (Figure
2). Furthermore, scattered expression for COX-2 was detected
in interstitial cells such as vascular endothelial cells and
myofibroblasts. Table 2 shows the positive rates of COX-1 and
COX-2 expression in the gastric mucosa with various lesions.
From CSG to GA, IM, dysplasia and finally to gastric cancer,
the expression of COX-2 showed an ascending tendency,
whereas COX-1 expression did not change significantly in the
gastric mucosa with various lesions.

Table 2  Expression of COX-1 and COX-2 in gastric mucosa
with various lesions

Pathological diagnosis     n                COX-1                 COX-2
                                                       expression (%)    expression (%)

CSG    30 56.6    10.0
GA    28 53.8    35.7a

IM    45 53.3    37.8b

Dysplasia    12 41.7    41.7a

Gastric cancer    23 43.4    69.5bc

aP<0.05; bP<0.01 vs CSG;  cP<0.05 vs GA.

Relationship between H pylori infection and COX-2 expression
in the gastric mucosa
COX-2 expression was found in 57% (36/63) H pylori-infected
patients, including one case of CSG, eight cases of GA, twelve
cases of IM, four cases of dysplasia, and eleven cases of gastric
cancer, with intensity scoring ranged from + to +++ (Table 3).
H pylori-associated gastritis exhibited strong expression of
COX-2 in foveolar and glandular epithelium but with a lower
intensity in mononuclear inflammatory cells. On the contrary,
only 20% (15/75) of non-infected patients expressed COX-2
protein in the gastric biopsy. The intensity of COX-2 expression
in IM and dysplasia was significantly higher in H pylori-
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positive than in H pylori-negative subjects (P<0.01). However,
there was no significant difference in COX-2 expression in CSG,
GA and gastric cancer patients with or without H pylori infection
(Table 3).

DISCUSSION
Epidemiological studies have shown that long-term use of NSAIDs
reduces the risk of colon cancer development by 40%[22,23] and
the risk of esophageal cancer development by up to 90%[24,25].
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Figure 1  Immunostaining of cyclooxygenase-1 in the gastric mucosa with CSG (A), dysplasia (B) and gastric cancer (C) as shown
by immunostaining. In the gastric biopsies of cases of CSG, GA, IM and dysplasia, COX-1 immunostaining was detected in the
foveolar and glandular epithelium including parietal cells, and in the subepithelial mononuclear inflammatory cells. Spotty
cytoplasmic staining for COX-1 was seen in the gastric cancer cells.

Figure 2  Immunostaining of cyclooxygenase-2 in the gastric mucosa with CSG (A), GA (B), IM (C), dysplasia (D) and gastric
cancer (E). CSG showing strong expression in foveolar and glandular epithelium and weak expression in mononuclear inflam-
matory cells, myofibroblasts, and endothelial cells in the lamina propria; GA showing strong expression in the atrophic glands
of the gastric mucosa; IM showing strong expression in intestinal epithelium and goblet cells; and gastric cancer showing strong
expression in cancer cells.

Table 3  Relationship between H pylori infection and COX-1/COX-2 expression in the gastric mucosa with various lesions

                                                                                                       COX-1                                                                    COX-2
Pathological diagnosis                           n
                                                                                    –                +                ++              +++               –                  +                ++              +++

CSG H pylori (+) 11                 5                 1                 3                 2                 10      0                 0                 1

H pylori (-) 19                 8                 3                 4                 4                 17      1                 1                 0

GA H pylori (+) 18                 9                 2                 4                 3                 10      1                 3                 4

H pylori (-) 10                 4                 2                 2                 2                   8      1                 1                 0

IM H pylori (+) 14                 6                 3                 2                 3                   2      2                 4                 6b

H pylori (-) 31               15                 5                 5                 6                 26      3                 2                 0

Dysplasia H pylori (+)   4                 2                 0                 1                 1                   0      0                 2                 2b

H pylori (-)   8                 5                 0                 1                 2                   7      0                 1                 0

Gastric cancer H pylori (+) 16                 9                 2                 2                 3                   5      1                 3                 7

H pylori (-)   7                 4                 2                 0                 1                   2      1                 2                 2

bP<0.01 vs H pylori (-).
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In addition, NSAIDs could induce regression of adenomatous
polyps in patients with familial adenomatous polyposis[26,27],
as well as in an Apc Min mouse model[28]. Although the exact
mechanisms of NSAIDs on cancer prevention have not been
clarified, one possible role of NSAIDs is via the inhibition of
COX enzymes, leading to chemopreventive effect. COX exists
in two isoforms, of which COX-1 is constitutively expressed in
many tissues, including the stomach, and COX-2 showing 61%
homology with COX-1 is expressed at low concentrations or is
even undetectable in unstimulated cells or tissues, but is readily
induced by various stimuli including mitogens, cytokines,
growth factors, and tumor promoters in inflammatory and certain
cell types, such as fibroblasts, macrophages and endothelial
cells[29,30]. It is well known that COX-2 is strongly expressed in
gastric cancer[17,20]. More than 90% of gastric cancers are
adenocarcinomas, which are divided into intestinal and diffuse
histological types. Pathogenesis of the intestinal-type gastric
cancer has been connected to precursor changes such as GA,
IM, and dysplasia. The present study clearly showed that COX-
2 protein was expressed not only in gastric cancer cells but
also in the glandular epithelium of IM and dysplasia as detected
by immunohistochemistry. From CSG, GA to IM and dysplasia
and finally to gastric cancer, the expression of COX-2 showed
an ascending tendency, whereas COX-1 expression did not change
significantly in premalignant and malignant gastric lesions. These
results provided evidence that COX-2 might contribute to an
early event in gastric carcinogenesis[31], and suggesting the
possibility that the use of selective COX-2 inhibitors may provide
a chemopreventive strategy against gastric carcinogenesis.
        H pylori infection is an important risk factor for adenocarcinoma
of the distal stomach in humans[2-5], but the mechanism whereby
H pylori infection contributes to gastric carcinogenesis is still
hypothetical. Recent studies have shown that H pylori infection
induces COX-2 expression in human gastric mucosa[6-8].
Furthermore, McCarthy et al.[32] showed that COX-2 expression
in antral mucosa was reduced but not eliminated in the epithelium
after successful eradication of H pylori. Kimura et al.[33] reported
that immunoreactivity of COX-2 was observed in all cases of IM
even after the cure of H pylori infection. Thus, cure of H pylori
infection may decrease the risk of gastric carcinogenesis due
to COX-2-related compounds in gastric mucosa but not in
those patients with IM. In this study, we demonstrated that
COX-2 was expressed in epithelial lining of the stomach in the
H pylori-associated gastric carcinogenesis pathway from CSG,
to GA and IM and dysplasia, and finally to gastric cancer.
The level of COX-2 expression in patients with IM and
dysplasia was significantly higher in H pylori-positive than in
H pylori-negative subjects. In contrast, COX-1 protein was
constitutively expressed in different gastric mucosal lesions
with or without H pylori infection. Thus, COX-1 is considered
as a housekeeping gene, and prostanoids synthesized via the
COX-1 pathway are thought to be responsible for cytoprotection
of the stomach, for vasodilatation in the kidney, and for
production of a proaggregative prostanoid, thromboxane, by
the platelets. In contrast, COX-2 is an inducible immediate-early
gene, and its role has been connected to inflammation, reproduction,
and carcinogenesis. Although the exact mechanism of COX-2
expression in carcinogenesis is still unclear, some studies have
suggested that overexpression of COX-2 is associated with
cellular resistance to apoptosis whereas treatment with specific
COX-2 inhibitors could suppress cell proliferation and induces
apoptosis[14,34-36]. It has been hypothesized that the alteration
of the balance between apoptosis and proliferation of gastric
epithelial cells, induced by H pylori infection, contributes to
either gastric injury or carcinogenesis of the stomach[37-39].
Although H pylori could decrease epithelial cell proliferation
and induce apoptosis in vitro[40-43], H pylori infection in vivo was
associated with both increased apoptosis and proliferation[44-46].

These differences between the in vivo and in vitro results
suggest that in vivo factors including inflammatory cells,
extracellular matrix proteins, cytokines, and adhesion molecules
may also contribute to epithelial cell turnover. On the other
hand, COX-2 expression has been reported to correlate with
invasion of the lymphatic vessels, lymph node metastasis, and
advanced tumor stage in gastric cancer[47,48].
       In conclusion, COX-2 overex-pression plays an important
role in the initiation of gastric carcinogenesis. The use of
selective COX-2 inhibitors may provide a chemopreventive
strategy against gastric carcinogenesis.
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Abstract

AIM: To investigate the protective effect of lansoprazole
on ischemia and reperfusion (I/R)-induced rat intestinal
mucosal injury in vivo.

METHODS: Intestinal damage was induced by clamping
both the superior mesenteric artery and the celiac trunk
for 30 min followed by reperfusion in male Sprague-Dawley
rats. Lansoprazole was given to rats intraperitoneally 1 h
before vascular clamping.

RESULTS: Both the intraluminal hemoglobin and protein
levels, as indices of mucosal damage, significantly
increased in I/R-groups comparion with those of sham-
operation groups. These increases in intraluminal hemoglobin
and protein levels were significantly inhibited by the treatment
with lansoprazole at a dose of 1 mg/kg. Small intestine
exposed to I/R resulted in mucosal inflammation that was
characterized by significant increases in thiobarbituric acid-
reactive substances (TBARS), t issue-associated
myeloperoxidase activity (MPO), and mucosal content of rat
cytokine-induced neutrophil chemoattractant-1 (CINC-1).
These increases in TBARS, MPO activities and CINC-1 content
in the intestinal mucosa after I/R were all inhibited by
pretreatment with lansoprazole at a dose of 1 mg/kg.
Furthermore, the CINC-1 mRNA expression was increased
during intestinal I/R, and this increase in mRNA expression
was inhibited by treatment with lansoprazole.

CONCLUSION: Lansoprazole inhibits lipid peroxidation and
reduces development of intestinal mucosal inflammation
induced by I/R in rats, suggesting that lansoprazole may
have a therapeutic potential for I/R injury.
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INTRODUCTION
Reactive oxygen species such as superoxide radicals, hydrogen
peroxide, and hydroxyl radicals, have been implicated in the
pathogenesis of ischemia-reperfusion (I/R) injury in a variety
of organs, including the brain[1], large intestine[2], and heart[3].
Intestinal I/R is an especially grave condition resulted from
acute mesenteric ischemia, small bowel transplantation,
abdominal aortic aneurysm, hemorrhagic, traumatic, or septic
shock, and severe burns[4,5]. I/R injury of the small intestine is
characterized by a number of microvascular and mucosal
alterations, including endothelial cell swelling, capillary
plugging, prolonged reduction in intestinal blood flow, and
mucosal barrier dysfunction[6-8]. Previous studies have
demonstrated that neutrophils are critically involved in I/R
injury. This hypothesis based on experiments shows that
neutrophil depletion[9,10] and inhibition of neutrophil-endothelial
cell interactions[11] could protect against injury after I/R.
      Proton-pump inhibitors (PPIs)[12] such as omeprazole and
lansoprazole are extensively used for therapeutic control of
acid-related disorders, including gastroesophageal reflux disease
and peptic-ulcer diseases caused by stress, nonsteroidal anti-
inflammatory drugs and Helicobacter pylori infection[13-16]. PPIs
are strong antisecretory agents that act on gastric (H+/K+)
ATPase of parietal cells[17]. Recently, it has been suggested
that PPIs inhibit neutrophil functions such as chemotaxis,
superoxide production and degradation[18]. We have already
reported that PPIs can attenuate neutrophil adherence to
endothelial cells via inhibition of the expression of adhesion
molecules[19]. These results have indicated that PPIs have anti-
inflammatory effects and can inhibit acid secretion.
      The present study was to evaluate anti-inflammatory effects
of lansoprazole, which has dramatically influenced the
management of acid-peptic disorders in recent years, using I/R-
induced rat intestinal mucosal injury model unrelated to acid
secretion.

MATERIALS AND METHODS

Experimental animals
Male Sprague-Dawley (SD) rats weighing 190-210 g were
obtained from Keari Co. Ltd. (Osaka, Japan). The rats were housed
in stainless steel cages with wire bottoms and maintained on a
12-h light and dark cycle, with the temperature and relative
humidity of the animal room controlled at 21-23  and 55-65%,
respectively. The rats were not fed for 18 h prior to the
experiments, but allowed free access to water. All experimental
procedures described below were approved by the Animal Care
Committee of the Kyoto Prefectural University of Medicine
(Kyoto, Japan).



Preparation of rats for intestinal ischemia-reperfusion
Intestinal ischemia was induced for 30 min by applying a small
clamp to the superior mesenteric artery after ligating the celiac artery
in rats given intraperitoneal urethane anesthesia (1 000 mg/kg).
Reoxygenation was produced by removal of the clamp. Sixty
minutes after reperfusion, the rats were killed by exsanguinations
via the abdominal aorta under urethane anesthesia (1 000 mg/kg).
2-[[[3-methyl-4- (2,2,2-trifluoroethoxy)-2-pyridyl] methyl]
sulfinyl] benzimidazole (Lansoprazole), a gift from Takeda
Chemical Industries Ltd. Japan, was diluted with physiological
saline at a dose of  0.3-1 mg/kg after dissolved in dimethylsulfoxide,
and was given to rats intraperitoneally 1 h before the vascular
clamping. In the control groups, rats received an equivalent
volume of the vehicle.

Assessment of intestinal mucosal injury induced by ischemia-
reperfusion
To estimate the severity of the intestinal mucosal damage by I/R,
leakage of intraluminal protein and intraluminal hemoglobin
levels were measured as mg/cm intestine.
      The concentrations of thiobarbituric acid-reactive substances
(TBARS) in the intestinal mucosa, an index of lipid peroxidation,
were measured by the method of Ohkawa et al.[20]. In brief, the
small intestine was opened by a longitudinal incision, and the
intestinal mucosa was scraped off using two glass slides.
Mucosal tissue was then homogenized with 10 mmol/L
potassium phosphate buffer (pH 7.8) containing 30 mmol/L
KCl in a Teflon Potter-Elvehjem homogenizer. The levels of
TBARS in the mucosal homogenates were expressed as nmol
of malondialdehyde per gram of wet weight using 1,1,3,3-
tetramethoxypropane as the standard.
      Myeloperoxidase (MPO) activity in the intestinal mucosa,
an index of polymorphonuclear leukocyte accumulation, were
determined by a modification of the method of Grisham et al.[21].
Two milliliters of mucosal homogenate was centrifuged at
20 000 g for 15 min at 4  to pellet the insoluble cellular debris.
The pellet was then rehomogenized in an equivalent volume of
0.05 mol/L potassium phosphate buffer (pH 5.4) containing
5 g/L hexadecyltrimethylammonium bromide. Samples were
centrifuged at 20 000 g for 15 min at 4 , and the supernatants
were saved. MPO activity was assessed by measuring the H2O2-
dependent oxidation of 3,3’,5,5’-tetramethylbenzidine. One unit
of enzyme activity was defined as the amount of MPO that
caused a change in the absorbance of 1.0/min at 655 nm and 25 .
      The content of cytokine-induced neutrophil chemoattractant-1
(CINC-1) in the intestinal mucosal homogenates was determined
by enzyme-linked immunosorbent assay (ELISA) using a kit
(Immuno Biological Laboratories, Gunma, Japan) according to
the manufacturer’s instructions. The absorbance of each well
was read at 490 nm by a microplate reader (MPR-A4i; Tosoh,
Tokyo, Japan).
      The expression of intestinal CINC-1 was determined using
the RT-PCR method.  Samples of intestinal tissue for mRNA
isolation were prepared from the whole intestine. Total RNA
was isolated using the acid-guanidium-phenol-chloroform
(AGPC) method with ISOGEN (NIPPON GENE). The
concentration of RNA was determined by the absorbance at

260 nm in relation to that at 280 nm. The RNA was stored at -70 
until used for RT-PCR. One microliter of RT-PCR products was
added to 3 mmol/L of each primer, CINC-1 and β-actin (for
internal standard purpose), and a solution of 0.5 U of Taq DNA
polymerase (Takara Biochemicals) in a final volume of 50 L. The
primers had the following sequences: for CINC-1, sense 5’-
ACAGTGGCAGGGATTCACTT-3’, and antisense 5’-CTAGCA
CAGTGGTTGACACT-3’; for β-actin, sense 5’-TCCTGTGG
CATCCATGAAACT-3’, and antisense 5’-GAAGCATTTGCGG
TGCACGAT-3’. The mixture was subjected to 30 cycles (1 min
at 94 , 1 min at 54 , 1 min at 72 ) of amplification. Then the
reaction products were separated by electrophoresis on 25 g/L
agarose gel and stained with ethidium bromide.

Statistical analysis
All values were expressed as mean±SE. The data were compared
by one-way analysis of variance (ANOVA) followed by Dunnett’s
multiple comparison test. All analyses were performed using the
Stat View 5.0-J program (Abacus Concepts Inc. Berkeley, CA).
P<0.05 was considered statistically significant.

RESULTS
Intraluminal protein and hemoglobin levels of the small intestine
Intraluminal hemoglobin and protein levels, the reflections of
intestinal mucosal injury, were significantly increased above basal
levels after 60 min of reperfusion. These increases in intraluminal
protein and hemoglobin levels induced by I/R were significantly
decreased by lansoprazole treatment at a dose of 1 mg/kg (Table 1).

TBARS in the intestinal mucosa
TBARS in the intestinal mucosa, an index of lipid peroxidation,
significantly increased 60 min after reperfusion (13.0±2.5 nmoL/
100 g wet wt). These levels were significantly decreased to
7.98±1.98 nmol/100 g wet wt after lansoprazole treatment at a
dose of 1 mg/kg (Figure 1A).

MPO activity in the intestinal mucosa
The I/R group showed a significant increase in mucosal MPO
activity (0.167±0.046 mU/mg wet wt) compared with the sham-
operation group (0.014±0.001 mU/mg wet wt). However, this
increase in MPO activity significantly decreased to 0.028±0.008
mU/mg wet wt after lansoprazole treatment at a dose of 1 mg/kg
(Figure 1B).

Inflammatory cytokine in the intestinal mucosa
The content of mucosal CINC-1 in the I/R groups was significantly
increased compared with the levels in sham-operated groups.
This increase in the levels of inflammatory cytokines was
significantly inhibited by lansoprazole at a dose of 1 mg/kg
(Figure 1C).

Intestinal expression of CINC-1 mRNA during ischemia-reperfusion
The expression of CINC-1 mRNA in the intestinal mucosa was
up-regulated by I/R injury. This increase in the expression of
CINC-1 mRNA was also inhibited by lansoprazole at a dose of
1 mg/kg (Figure 2).

Table 1  Effect of lansoprazole on intraluminal hemoglobin and protein levels in small intestine of I/R-induced rats (mean±SE)

                                                                                                                                                                         Lansoprazole (mg/kg)
                                                         Sham-operation (Normal)  Ischemia-reperfusion (Control)

                                                                                                                                                                0.3                                 1

Intraluminal hemoglobin (mg/cm) 0.000043±0.000002  0.0043±0.0006a        0.0035±0.0007       0.0010±0.0004c

Intraluminal protein (mg/cm)       0.065±0.012    0.172±0.016a                      0.156±0.022         0.087±0.010c

aP<0.05 vs normal; cP<0.05 vs control.

Ichikawa H et al. Lansoprazole inhibits reperfusion injury                            2815



Figure 2  Intestinal CINC-1 mRNA expression during I/R in
rats. M: Marker; Lane 1: Before ischemia; Lane 2: After I/R;
Lane 3: I/R + lansoprazole.

DISCUSSION
Our results clearly showed that lansoprazole had a protective
effect against reperfusion-induced intestinal mucosal injury in
rats. In addition, increases in TBARS contents, MPO activity
and CINC-1 contents were inhibited by the treatment of
lansoprazole. In I/R-induced tissue injury, oxygen radicals have
been suggested to be generated via several mechanisms,
including the xanthine/xanthine oxidase reaction[22], NADPH
oxidase and myeloperoxidase of activated leukocytes migrating
into the previously ischemic area[23], and mitochondrial respiratory
system[24]. We have already reported that oxygen-derived free
radicals and lipid peroxidation played a role in the formation
of gastrointestinal mucosal damage induced by I/R[25,26].
Furthermore, it is well known that neutrophils that adhere to
post-capillary venules and subsequently emigrate into the
interstitium are implicated in the I/R-related tissue injury[27,28].
Activated neutrophils release a variety of cytotoxic substances,
including proteases, collagenases, cytokines, leukotrienes, and
cationic proteins, thereby causing tissue damage. In addition,
adhered and aggregated neutrophils can physically disturb capillary
flow and induce a non-reflow phenomenon.
       Little is known about the protective mechanism of lansoprazole
against I/R injury. However, there have been some reports about
the anti-inflammatory action of PPIs. We have shown that the
expression of adhesion molecules on neutrophils and endothelial
cells elicited by H pylori extract and IL-1 was inhibited by
lansoprazole and omeprazole at clinical relevant doses[19]. Other
reports have also revealed that PPIs could prevent the neutrophil-
endothelial cell adhesion reaction[29,30]. Recently, some reports
regarding the anti-oxidative effects of PPIs have also appeared.
Suzuki et al.[31] reported that PPIs inhibited the production of
oxygen-derived free radicals from neutrophils activated by

chemotactic peptides or opsonized zymosan. Other studies
have concluded that PPIs block stress-induced increased
reactive oxygen intermediates and associated lipid peroxidation
and protein oxidation, indicating that its antioxidant properties
play a major role in preventing oxidative damage[32-34].
       Lansoprazole has been widely used in the treatment of acid-
related diseases including reflux esophagitis. This drug is
thought to be transformed into two active species which inhibit
acid secretion by (H+, K+)-ATPase within the parietal cell
canaliculi. However, acid secretion was not directly involved
in the pathogenesis of I/R-induced intestinal injury model we
used. In the present study, lansoprazole was found to prevent
lipid peroxidation and to reduce the development of intestinal
mucosal inflammation via inhibition of the production of
inflammatory cytokines such as CINC-1. These results suggest
that lansoprazole may protect against I/R injury via an anti-
inflammatory effect but not inhibition of acid secretion.
       It was previously reported that CINC levels were increased
during small intestinal I/R injury, and that CINC-1 was related
with the extent of mucosal damage[35]. It was reported that CINC
could be produced by many types of cells, including macrophages,
monocytes, and endothelial cells[36]. In the present study,
lansoprazole inhibited both CINC-1 protein and mRNA in the
small intestine after I/R injury. These results suggest that
lansoplazole may prevent CINC-1 production by scavenging
active oxygen species that are related to signal transduction
for the promotion of CINC-1 synthesis. Further study needs to
be done to determine the molecular mechanisms involved in
the inhibition of CINC-1 production by lansoprazole.
      In conclusion, lansoprazole protects against acid-unrelated
intestinal injury induced by I/R via inhibition of neutrophil-
dependent inflammation. We suggest that lansoprazole has
potential as a new therapeutic agent for reperfusion injury.
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Abstract

AIM: To investigate the different effects of mesenchymal
stem cells (MSCs) and hematopoietic stem cells (HSCs) on
hepatic differentiation.

METHODS: MSCs from rat bone marrow were isolated and
cultured by standard methods. HSCs from rat bone marrow
were isolated and purified by magnetic activated cell sorting.
Both cell subsets were induced. Morphology, RT-PCR and
immunocytochemistry were used to identify the hepatic
differentiation grade.

RESULTS: MSCs exhibited round in shape after differentiation,
instead of fibroblast-like morphology before differentiation.
Albumin mRNA and protein were expressed positively in MSCs,
without detection of alpha-fetoprotein (AFP). HSCs were
polygonal in shape after differentiation. The expression of
albumin signal decreased and AFP signal increased. The
expression of CK18 was continuous in MSCs and HSCs both
before and after induction.

CONCLUSION: Both MSCs and HSCs have hepatic differentiation
capabilities. However, their capabilities are not the same.
MSCs can differentiate into mature hepatocyte-like cells,
never expressing early hepatic specific genes, while Thy-1.1+

cells are inclined to differentiate into hepatic stem cell-like
cells, with an increasing AFP expression and a decreasing
albumin signal. CK18 mRNA is positive in Thy-1.1+ cells
and MSCs, negative in Thy-1.1- cells. It seems that CK18
has some relationship with Thy-1.1 antigen, and CK18 may
be a predictive marker of hepatic differentiation capability.
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INTRODUCTION
In recent years, liver related stem cells have become a hot spot
of research. One of the important findings is that liver stem
cells might be derived from bone marrow. Petersen et al.[1] first
identified this phenomenon in rat model of liver injury. Later

many researchers have reported similar in vivo and in vitro
findings[2-8]. Bone marrow cells have been hypothesized as the
third recruitment source in liver regeneration besides
hepatocytes and endogenous liver stem cells[9].
      Among bone marrow cells, there are two subsets, hemat-
opoietic stem cells (HSCs) and mesenchymal stem cells (MSCs).
Hepatic oval cells[10], well known endogenous liver stem cells,
can express CD34[11], c-kit[12, 13], Thy-1[14] and flt-3 receptor
mRNA[15], all of which are markers of HSCs. So HSCs are
regarded as the exact source of hepatocytes. However, some
studies have found that non-hematopoietic subsets (CD45-

subsets) also play such a role[7]. In this paper, we isolated two
subsets of stem cells from rat bone marrow. One was MSCs,
isolated and cultured by standard methods, the other was Thy-
1.1+ cells, isolated and purified by magnetic activated cell
sorting (MACS), which were recognized as HSCs of rats. We
imitated the circumstances of liver development to define
the different capacities of hepatic differentiation of the two
subsets in vitro.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley (SD) rats at 6-7 wk of age were obtained
from Charles River China. All animal experiments were performed
in accordance with the animal guidelines of Peking University
Health Science Center.

Isolation and culture of MSCs from rat bone marrow
Rat bone marrow was harvested from rat femurs and tibias, and
collected into Dulbecco’s modified Eagle’s medium (DMEM),
filtered (40 µm), and centrifuged at 300 r/min to pellet cells.
After rinsed in PBS, bone marrow cells were loaded onto 5 mL
57% Percoll (1.073 g/mL in 0.01 mol/L PBS) and centrifuged at
400 r/min for 30 min. Mononuclear cells were collected at the
Percoll interface, rinsed twice in PBS, and seeded at 2×105/cm2

in 600 g/L low glucose DMEM (DMEM-LG, Sigma-Aldrich),
400 g/L MCDB-201 (Sigma-Aldrich), with 100 mL/L fetal bovine
serum (FBS; Hyclone, USA) and 1 000 U/mL rat leukemia
inhibitory factor (rLIF; Chemicon, USA). Non-adherent cells
were removed after 24 h and culture media were replaced every
3 d. After about 7 d, isolated colonies of MSCs were apparent.
Then the cells were trypsinized and replated at 8 000/cm2, and
the cells from passage 3 were used for differentiation protocol.

Differentiation protocols
MSCs from passage 3 were seeded at 2×104/cm2 on 10 ng/mL
fibronectin (FN, Sigma-Aldrich, USA) in culture medium as
above. After 12 h, media were removed and cells were cultured
in 600 g/L DMEM-LG, 400 g/L MCDB-201 supplemented with
50 mL/L FBS, 10-6 mol/L dexamethasone (Dex, Sigma-Aldrich,
USA), 10 ng/mL epithelial growth factor (EGF, R&D, USA),
1×insulin/transferrin/selenium (ITS, Sigma-Aldrich, USA). In
some experiments, inducing growth factors were added into
culture medium (20 ng/mL acid fibroblast growth factors, aFGF;
10 ng/mL basic fibroblast growth factors, bFGF; and 20 ng/mL
hepatocyte growth factor, HGF). aFGF, bFGF, and HGF were all
from R&D System Inc, USA.



Isolation, culture and differentiation of Thy-1.1+ stem cells from
rat marrow
After Percoll gradient centrifugation, bone marrow mononuclear
cells were collected, then incubated with mouse anti-rat Thy-1.1
monoclonal antibody (Serotech, UK) at 4  for 30 min. Unbound
antibodies were removed by washing twice. Secondary marking
was done by incubation with rat-anti-mouse IgG bound
magnetic microbeads (MiltenyiBiotec, Germany). The positive
cells were absorbed in magnetic field by Mini-MACS columns
(MiltenyiBiotec, Germany). The column was removed from the
magnetic field and the Thy-1.1+ cells were washed out.
      Thy-1.1+ cells were cultured in differentiation media, 600 g/L
DMEM-LG, 400 g/L MCDB-201 supplemented with 150 mL/L
FBS, 10-6 mol/L Dex, 10 ng/mL EGF, 1×ITS, 20 ng/mL aFGF,
10 ng/mL bFGF, and 20 ng/mL HGF. After about 7-10 d, apparent
colonies of Thy-1.1+ cells appeared.

Flow cytometry determination of cell-surface antigen
The cells were resuspended in washing buffer (10 mL/L bovine
serum, 2 g/L sodium azide in PBS), and stained on ice according
to the manufacturer’s recommendations with the monoclonal
antibodies as follows: R-PE conjugated mouse anti-rat-Thy1.1
(Pharmingen, USA), FITC conjugated mouse anti-rat-CD45
(HarlanSera-Lab, UK), PE conjugated mouse anti-rat-CD34
(Santa Cruz, USA). After washed three times with washing
buffer, the stained cells were resuspended in 300 µL fixation
buffer (20 g/L formaldehyde in PBS) and run on a flow cytometer
(FACS Calibur, BectonDi-ckinson, USA). The results were
analyzed by CellQuest software (BD, USA).

Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted by using TRIzol (Invitrogen, USA)
according to the manufacturer’s instructions and quantified by
UV spectroscopy. To prepare RNA for PCR analysis, 2 µg total
RNA was converted to the cDNA using SuperScript II reverse
transcriptase (Invitrogen, USA) with oligo (dT) (Promega, USA)
and random hexamer primers (Promega, USA). PCR was performed
by using Taq DNA polymerase (Gibco BRL, USA). For each gene,
the DNA primers were originated from different exons to ensure
that the PCR products represented the specific mRNA species
and not genomic DNA. All PCR experiments were performed using

a GeneAmp PCR system 2 400 (Perkin-Elmer, USA).
       The following specific oligonucleotide primers were used:
albumin (5’-AAGGCACCCCGATTACTCCG-3’ (sense), 5’-
TGCGAAGTCACCCATCACCG-3’ (antisense)), AFP (5’ -
AGGCTGTACTCATCATTAAACT-3’ (sense), 5’-ATATTGTCC
TGGCATTTCG-3’ (antisense)), CK18 (5’-GGACCTCAGCAAG
ATCATGGC-3’ (sense), 5’-CCACGATCTTACGGGTAGTTG-3’
(antisense)), β-actin (5’-AGAGGGAAATCGTGCGTGAC-3’
(sense), 5’-AGGAGCCAGGGCAGTAATC-3’ (anti-sense)).
       Amplification reactions were carried out for 35 cycles (25
cycles for β-actin) at 94  for 1 min, 58  for 1 min, and at 72 
for 1 min for albumin; at 94  for 45 s, at 51  for 45 s and at 72 
for 45 s for AFP; at 94  for 1 min, at 60  for 1 min and at 72 
for 1 min for CK18 and at 94  for 30 s, at 55  for 45 s, and at
72  for 45 s for β-actin. The reaction products were subjected
to 12 g/L agarose gel electrophoresis and visualized by ethidium
bromide staining. The reaction products were 649 bp (albumin),
484 bp (AFP), 515 bp (CK18), and 353 bp (β-actin), respectively.
Housekeeping gene β-actin was used as an internal control. Adult
liver tissue or newborn rat liver tissue was used as a positive control.

Immunocytochemistry
Cell cultures were washed with PBS twice and fixed with 95%
alcohol/acetic acid (99:1) for 10 min at room temperature, then
permeabilized with 2 g/L Triton X-100 for 10 min. After washed,
cells were incubated overnight at 4  with primary antibodies,
including mouse anti-human CK18 (Sigma, USA), mouse anti-
human albumin (Dako, Denmark) and goat anti-human AFP
(SantaCruz, USA). Subsequently, the cells were washed with
PBS three times and incubated with fluorescence labeled
second antibody, FITC labeled goat anti-mouse IgG1 and
rhodamine labeled donkey anti-goat IgG at 37  for 1 h. After
washed with PBS, cells were mounted with glycerol-PBS (9:1).
The cells were visualized and photomicrographed by a
fluorescence microscope (Olympus Provis AX80, Japan).

RESULTS
Cell yield and shape of MSC and Thy-1.1+ cells before and after
differentiation
The number of mononuclear cells by 57% Percoll gradient
centrifugation was about 6.44×107 per rat. After MACS

Figure 1  A-D Cell morphology before and after differentiation (Original magnification, 200×). A: Fibroblast-like MSC before
differentiation, B: Round MSC after differentiation, C: Freshly isolated Thy1.1+ cells, D: Thy1.1+ cells 10 d after differentiation.
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purification, the number of Thy1.1+ cells was about 2.36×107.
The recovery rate of Thy1.1+ cells from mononuclear bone
marrow cells was 64.65%. Before differentiation, MSCs exhibited
a fibroblastic morphology with spindle cell bodies (Figure 1A),
while after differentiation, the cells contracted obviously and
were inclined to be round in shape (Figure 1B). This change
occurred early on d 4 after MSC differentiation protocol.
Thy1.1+ cells were small and round in shape when freshly isolated
(Figure 1C), and became typical polygonal, much bigger in size
after cultured in differentiation media (Figure 1D).

Quantitative analysis of cell-surface antigen expression
The percentage of Thy-1.1+ of rat bone marrow mononuclear
cells was 56.65%. After MACS, this percentage was 93.45% in
positive subset (Figure 2A, B). Thy-1.1+ subset was CD34-, and
partial CD45+ (Figure 2C, D). The percentage of CD45 positivity
in Thy-1.1+ subset was 36.68%. As displayed in Figure 2E-2G,
MSC was Thy-1.1+, CD45-, CD34-.

RT-PCR analysis of hepatic gene expression of CK18, albumin,
and AFP
We analyzed hepatic gene expression of the cells before and after
differentiation protocol. Adult rat liver or newborn rat liver tissue

Figure 3  RT-PCR analysis of hepatic gene expression before and
after differentiation. A: Analysis of CK18 mRNA before
differentiation, lane 1: Adult liver, lane 2: Mononuclear BM cells.

Figure 2  Phenotype analysis of MSCs and Thy-1.1+ cells. A: Thy-1.1 of mononuclear bone marrow cells before MACS; B, C, D: Thy-
1.1, CD45, CD34 after MACS purification; E, F, G: Thy-1.1, CD45, CD34 of MSCs.

Figure 4  Immunocytofluorescence. A: MSCs-albumin, B: Thy1.1+ cells-CK18, C: Thy1.1+ cells-AFP.
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was used as positive control. Before differentiation, Thy-1.1+

cells showed a CK18 signal, so did MSCs. However, Thy-1.1-

cells did not express CK18 (Figure 3A). After differentiation,
Thy-1.1+ cells were AFP mRNA positive and had decreased
signals of albumin, while MSCs expressed albumin only and the
signals of albumin increased with the extension of differentiation
time (Figure 3B, C). Both cells had a continuous CK18 expression
during the process of induction (Figure 3D).

Immunocytochemical analysis
MSCs showed positive staining for albumin (Figure 4A), and Thy1.
1+ cells showed CK18 and AFP positive staining (Figure 4B, C).

DISCUSSION
As stromal cells of bone marrow, MSCs could differentiate into
cells of all mesodermal origin, including adipocytes, osteocytes,
chondrocytes and myocytes[16-19], etc. Besides these, MSCs
are also capable of “transdifferentiation” into ectodermal cells,
such as neural cells[20,21]. So MSCs are multipotential adult stem
cells. Regarding hepatic differentiation of MSCs, there has been
no specific report yet. Schwartz et al.[7] isolated a non-
hematopoietic stem cell subset (CD45-GlyA- in humans or CD45-

Ter119- in mice) from bone marrow, termed multipotent adult
progenitor cells (MAPCs). MAPCs should be ascribed to MSCs,
since they were copurified with MSCs at the same time[22]. Under
serial conditions, Schwartz et al.[7] induced MAPCs into cells
with morphological, phenotypic, and functional characteristics
of hepatocytes in vitro. In our study, we tried to induce standard
MSCs into hepatocytes, and found hepatic specific gene CK18
was already expressed by MSCs without differentiation
protocol. After induction, MSCs also expressed albumin besides
CK18. Albumin mRNA appeared early on d 4 after differentiation
(data not shown), coinciding with the change of morphology.
Albumin signals had a gradual increase with the extension of
differentiation time. Immunocytochemical staining confirmed
the results of the PCR analysis at protein-level. There were no
early markers of hepatocytes before or during differentiation
protocol. Morphologic change of MSCs was apparent. Cell shape
changed from spindle and fibroblast-like to round and epithelia-like.
      HSCs are another subset of stem cells from bone marrow. A
large number of papers demonstrated that HSCs could
differentiate into hepatocytes or hepatocyte-like cells. Among
the papers, CD34, the most general marker of HSCs in humans
and mice, was used. Theise et al.[2] reported 200 CD34+ marrow
cells produced the same degree of hepatic engraftment as 20 000
unfractionated bone marrow cells in gender mismatch bone
marrow transplantation model of mice. Human investigations
with G-CSF mobilized CD34+ stem cells have shown that these
cells were also able to transdifferentiate into hepatocytes[23].
Thy1.1 antigen has been a well-accepted marker of rat HSCs
since 1978[24]. Recently, Avital et al.[25] identified a population
of bone marrow-derived hepatocyte stem cells in rats, which were
beta 2 microglobulin-negative and Thy-1-positive (β2m-/Thy-1+).
Moreover, according to Petersen et al.[26], Thy-1 is a new marker
for identification of hepatic oval cells. Using Thy-1 would
facilitate both in vivo and in vitro studies of hepatic oval cells.
There was no colony-formation in Thy-1.1- bone marrow cells in
our studies (data not shown). Thy-1.1- cells did not express
CK18 mRNA when freshly isolated, while Thy-1.1+ cells had a
strong CK18 expression. During hepatic differentiation, Thy-1.
1+ cells expressed AFP mRNA and had a weak albumin signal.
Expression of CK18 of Thy-1.1+ cells continued. The cells were
polygonal in shape, exhibiting epithelial morphology.
       HSCs and MSCs are two separate stem cell subsets of bone
marrow. They have different functions in hematopoiesis.
Previous studies have explored the ability of hepatic differentiation
of different subsets from bone marrow. However, what

relationship they have or what similarity or difference exists among
the two subsets is unknown. Our study combined two subsets
for the first time, and investigated their different abilities of
hepatic differentiation simultaneously. Our results indicated
that both of them had hepatic differentiation ability, however,
they were different. MSCs could differentiate into mature
hepatocyte-like cells, not expressing early hepatic specific
genes. Under a similar induction condition, Thy-1.1+ cells were
inclined to become hepatic stem cell-like cells, with a continuous
AFP expression and weak albumin signal. To our interest, CK18
mRNA was positive in Thy-1.1+ cells and MSCs, negative in
Thy-1.1- cells. It seemed that CK18 had some relationship with
Thy-1.1 antigen, and it would be an indicative marker of hepatic
differentiation ability.
       Hepatic stem cells, especially bone marrow-derived hepatic
stem cells may be therapeutically useful for treating a variety of
diseases that affect the liver. This has been proved in some
animal models[3,27]. Compared with other liver-related stem cells,
such as embryonic stem cells[28], pancreatic stem cells[29], and
neural stem cells[30], bone marrow-derived stem cells provide
several advantages: (1) Bone marrow can be obtained from living
donors or recipients themselves using a moderately invasive
procedure. There is no problem of limited donors, which restrict
liver transplantation and hepatocyte transplantation greatly.
(2) Based on its ability of high self-renewal, the amplification of
bone marrow stem cells could be obtained. (3) Utilizing patients’
own bone marrow or repopulation of both bone marrow and
hepatic system from the same donor could avoid or reduce
immunological rejection, which usually affects recipients for a
life-long time.
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Abstract

AIM: To inquire into the effects and mechanism of Zuogui
Wan (Pills for Kidney Yin) on neurocyte apoptosis in nuclei
of arcuate hypothalamus (ARN) of monosodium glutamate
(MSG)-liver regeneration rats, and the mechanism of liver
regeneration by using optic microscope, electron microscope
and in situ end labeling technology to adjust nerve-endocrine-
immunity network.

METHODS: Neurocyte apoptosis in ARN of the experiment
rats was observed by using optic microscope, electron
microscope and in situ end labeling technology. Expression of
TGF-β1 in ARN was observed by using immunohistochemistry
method.

RESULTS: The expression of TGF-β1 in rats of model group
was increased with the increase of ARN neurocyte apoptosis
index (AI) (t = 8.3097, 12.9884, P<0.01). As compared
with the rats of model group, the expression of TGF-β1 in
rats of Zuogui Wan treatment group was decreased with the
significant decrease of ARN neurocyte apoptosis (t = 4.5624,
11.1420, P<0.01).

CONCLUSION: Brain neurocyte calcium ion overexertion
and TGF-β1 protein participate in the adjustment and
control of ARN neurocyte apoptosis in MSG-liver
regeneration-rats. Zuogui Wan can prevent ARN neurocyte
apoptosis of MSG-liver regeneration in rats by down-
regulating the expression of TGF-β1, and influence liver
regeneration through adjusting nerve-endocrine-immune
network.

Li HM, Gao X, Yang ML, Mei JJ, Zhang LT, Qiu XF. Effects of
Zuogui Wan on neurocyte apoptosis and down-regulation of
TGF-β1 expression in nuclei of arcuate hypothalamus of
monosodium glutamate -liver regeneration rats. World J
Gastroenterol  2004; 10(19): 2823-2826
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INTRODUCTION
MSG-liver regeneration rat model is very useful in study about
the correlative mechanism of liver regeneration with high-grade
nerve center, hypothalami-hypophysis-liver axial and nerve-
endocrine-immune network (NEIN). Experiment results showed
that the process of liver regeneration in MSG-liver regeneration
rats was disproportional, liver regeneration was faster in the
initial stage (the postoperative 1st d), significantly restrained
in the intermediate and advanced periods, finally the degree of
liver regeneration, meiosis index of liver cells (MI) and the ratio
of liver mass to body mass all could not recover the normal
level[1-2], but the above mentioned indexes could be significantly
improved after MSG-liver regeneration rats were treated with
Zuogui Wan[2-5]. Functional disorder of NEIN is probably one
of the important mechanisms of serious imbalance of liver
regenerative process. In order to research the effects of Zuogui
Wan on neurocyte apoptosis of MSG-liver regeneration in rat
hypothalamus and the mechanism to interfere with liver
regeneration by adjusting nerve-endocrine-immunity network,
we studied the apoptosis of neurocytes on experimental rats’
nuclei of arcuate hypothalami (ARN) and the expression of
apoptosis related gene TGF-β1 with in situ end-labeling
technique (ISEL), optic microscope, electronic microscope and
immunohistochemical method.

MATERIALS AND METHODS
Materials
Wistar rats were offered by the Animal Laboratory, Academy
of Medical Sciences of Hubei Province, YDZ19-008. Monosodium
glutamate (MSG) was provided by Sigma Co. ISEL apoptosis
test kit was from Boehringer Mannheim Co. Strept avidin-biotin
complex (SABC) was used to detect the expression of TGF-β1

by immunohistochemical method (Wuhan Boshide Limited
Company).

Establishment of MSG-liver regeneration-rat model
Wistar rats were divided into two groups: Treatment group
which was given monosodium glutamate dissolved in saline
solution, the other group which served as control was given
the vehicle only. MSG 4 mg/g.b.mb was injected on d 2, 4, 6, 8,
and 10 after birth. On the 28th d, pups were weaned and caged in
8 groups (4 groups were male rats, 4 groups were female rats).
The rats were maintained in an air-conditioned (temperature
24±1 ) animal room with controlled lighting (12 h light, 12 h
dark). They were provided with commercial diet and water. From
the 6 th week to the experiment end, treatment group rats were
treated by gastrogavage of Zuogui Wan (Radix Rehmanniae
Praeparata, Rhizoma Dioscoreae, Fructus Lycii, Fructus Corni,
Semen Cuscutae, Radix Cyathulae, Colla Cornus Cervi, and
Colla Plastri Testudinis) 5 g/kg[1]. In the 8 wk, partial hepatectomy
was performed by excision of the median and left hepatic lobes
(occupying about 68% of whole liver) according to the method
of Higgins and Anderson under pentobarbital anesthesia[1].
Shamly-operated rats (MSG-rats) were anesthetized, and their



livers were exposed but not removed. All operations above
were clean operations. Rats were operated and killed between 8
and 12 h a.m. to avoid the effects of diurnal variation. Rats
subjected to partial hepatectomy were killed on the 1st, 3rd,
5th, 11th d after operation, and 6 were taken randomly in each
group per batch (3 males and 3 females).

Neurocyte apoptosis observation
Using in situ end labeling (ISEL) method, the nuclei of positively
apoptotic neurocytes were stained into blue purple, the starches
of cells were intact. Each slice was randomly taken under five
fields of vision, the positively stained area was surveyed, and the
positive cell number was calculated on the unit area. Then five
fields of vision were averaged to calculate the proportion of positive
cells in the slice. The percentage of positive cells (apoptosis index,
AI) was used to show the apoptosis degree in the tissue.

Pathology-histology observation
Hypothalamus tissue specimens were fixed in 10% formalin,
embedded in paraffin, cut into 4 µm thick sections, dewaxed
and evaporated with routine procedures, stained with HE,
observed with optic microscope. Hypothalamus specimens were
embedded and sliced for observation under electron microscope
(using ultramicrotome of AO type) and transmission electron
microscope (EM10C, Germany OPTON).

Immunohistochemistry
We used SABC method. The cerebral nerve cells showing
brown, homogeneous or fine grains were positive. These fine
grains distributed all over the cell membranes and cytoplasm,

mainly in cell membranes. Five visual fields were taken randomly
in each microsection, then the number of stained areas was
surveyed and the number of positive cells was calculated
according to the total count of cells in unit area. Finally, the
number of positive cells in five visual fields was averaged, and
the proportion of positive cells in the microsection was
obtained. The percentage of positive cells was used to show
the content of fine grains in the tissue.

Statistical analysis
The experimental data were statistically analyzed with HPIAS-
1000 high acuity colored pathology image measurement system
and Microsoft’s Excel.

RESULTS
Effect of Zuogui Wan on MSG-liver regeneration rat hypothalamus
pathology-histology alteration
Under light microscope, the neurocytes in arcuatus hypothalami
(ARN) of MSG-liver regeneration rats reduced significantly
and astrocytes increased significantly. Under electron microscope,
neurocyte nucleus chromatin collected at the edge was stained
deeply, and nuclear membrane was not regular, cytoplasm was
concentrated. Neurocyte nucleus shape factor (approach 1 was
regular, and >1 was not  regular), circularity (approach 1 was
round, and <1 was not round) and heteromorphic index
(approach 3 was low for the heterotype degree, >3 was high for
the heterotype degree) had significant differences (P<0.05).
Pathological changes in Zuogui Wan treatment group were
distinguished (Table 1, Figure1).

Figure 1  Effect of Zuogui Wan on alteration, apoptosis and TGF-β1 expression in ARN of MSG-liver regeneration rats. A, B: Effect
of Zuogui Wan on alteration in ARN of MSG-liver regeneration rats. C, D: Effect of Zuogui Wan on apoptosis in ARN of MSG-
liver regeneration rats. E, F: Effect of Zuogui Wan on TGF-β1 expression in ARN of MSG-liver regeneration rats.

A B

C D

E F
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Table 1  Effect of Zuogui Wan on alterations of ARN nuclei in
MSG-liver regeneration rat on the postoperative 11th d (n = 10,
mean±SD)

Group                              Shape             Circular       Heteromorphic
                                         factor              degree                index

Normal saline 1.14±0.45 0.88±0.16 3.80±0.8
Model 3.10±1.14b 0.32±0.17b 6.24±1.83 b

Zuogui Wan 1.68±0.33d 0.60±0.32a 4.60±0.74a

1t = 5.0572, 7.5856, 3.8633, bP<0.01 vs control (Normal saline);
2t = 2.4436, 2.6273, aP<0.05, 3t = 3.7836, dP<0.01 vs model.

Effect of Zuogui Wan on apoptosis index of MSG-liver regeneration
rats in ARN
Apoptosis index (AI) of MSG-liver regeneration rats in ARN
was higher than that of saline treated and shamly-operated
MSG-rats, and the difference was significant (P<0.01 or P<0.05).
AI of Zuogui Wan treated group reduced significantly on the
postoperative 5th and 11th days compared to model group (P<0.01)
(Table 2).

Table 2  Effect of Zuogui Wan on ARN neurocyte apoptosis in
MSG-liver regeneration rats (positive cells %, n = 6, mean±SD)

Group   Postoperative 1st d    Postoperative 5th d     Postoperative 11th d

Normal saline           0.07±0.08         0.08±0.04 0.09±0.03
MSG-rats           2.45±0.32d        2.32±0.45d 2.56±0.59d

Model           2.62±0.72d        3.32±0.81ad 4.23±1.22ad

Zuogui Wan           1.62±0.65         1.43±0.75f 1.12±1.14f

1t = 2.6435, 3.0185, aP<0.05 vs MSG-rats; 2t = 17.6741, 12.1451,
10.2414, 8.6222, 9.7860, 8.3097, dP<0.01 vs control (Normal
saline); 3t = 4.1938, 4.5624, fP<0.01 vs Model.

Effect of Zuogui Wan on expression of TGF-βββββ1 in ARN of MSG-
liver regeneration rats
Results indicated that, the expression of TGF-β1 in ARN of
MSG-liver regeneration rats was significantly higher than that
in saline control group and shamly-operated group (MSG-rats)
(P<0.01). Along with increased apoptotic index (AI) in ARN
neurocytes, the expression of TGF-β1 improved correspondingly,
namely, the more the TGF-β1 expressed, the larger the AI was.
Besides, along with the weakened expression of TGF-β1, AI of
ARN in Zuogui Wan treatment group decreased significantly
(P<0.01, Table 3).

DISCUSSION
Some studies found that neonate rats who were given high
dose MSG on the 2nd, 4th, 6th, 8th, 10th days could destroy nucleus
arcuatus hypothalami (ARN) selectively, and swelling and
necrosis in ARN neurocytes were the main pathological lesions,
and its mechanism in nervous poison might be concerned with
the overexertion of calcium ions in cerebral neurocytes[6-11].
Our experiment results showed that MSG could induce
neurocyte apoptosis in the intermediate and advanced stage

after rats were injected with MSG, leading to acute swelling
and necrosis in ARN neurocytes. We also could find apoptosis
in cerebral neurocytes under electron microscopy and the
number of apoptotic cells in model group is larger than that in
control group, 8-10 wk after hypodermical injection of MSG.
Furthermore, the shape factor, circularity and heteromorpic index
that reflected the changes of neurocyte nuclei in ARN were
different compared with saline control group. Quantitating
apoptotic neurocytes in cerebra by in situ end-labeling
technique also showed that cerebral IA was larger than that of
control group. In ordinary physiological state, most neurons
can survive all the life and do not renew, therefore, apoptosis
can seldom be found. As a common secondary messenger of
apoptosis, MSG could lead to overexertion of calcium ions in
neuron cytoplasm, which may be one of the mechanisms
underlying apoptosis in MSG-rats’ and MSG-liver regeneration-
rats’ cerebral neurocytes. But the phenomenon that cerebral
neurocyte apoptosis of MSG-liver regeneration rats was more
conspicuous than that of MSG-rat group can not be explained
completely with the mechanism, i.e. MSG leading to overexertion
of calcium ions in neuron cytoplasm could induce neurocyte
apoptosis. These studies showed that it probably involved
other factors leading to cerebral neurocyte apoptosis, besides
overexertion of calcium ions in neuron cytoplasm induced by
MSG[4].
       TGF-β1 can enhance apoptosis, so the considerable expression
of TGF-β1 is an important signal that apoptosis takes place.
TGF-β1 expressed excessively in cerebral neurocytes of MSG-
liver regeneration rats, and the quantity was larger than that in
MSG-rat group and saline control group, and the differences
were significant[12-22]. That overexertion of calcium ions in
cerebral neurocytes induced by MSG and the considerable
expression of TGF-β1 induced by partial hepatectomy in ARN
of MSG-liver regeneration rats hint that both of them have
synergistic effects on inducing MSG-liver regeneration-rat
cerebral neurocyte apoptosis. AI of MSG-liver regeneration rat
cerebullar neurocytes is closely correlated with considerable
expression of TGF-β1. Neurocyte apoptosis in ARN of MSG-
liver regeneration rats is one of the important mechanisms of
functional disorder in nerve-endocrine-immune network. TGF-β1

protein could participate in the regulation of neurocyte
apoptosis in ARN of MSG-liver regeneration rats[2-5].
     One of the major research achievements of the kidney’s
essence is deficiency of kidney-yang in hypothalamus, and
deficiency of kidney-yang is closely correlated with functional
disorder in nerve-endocrine-immune network[23-30]. Our results
showed that deficiency of kidney-yin was located in hypothalamus
also[2-5,27], and neurocyte apoptosis in ARN of MSG-liver
regeneration rats significantly lessened and indexes such as
shape factor, circularity, heteromorphism which reflect the
changes of ARN neurocyte nuclei improved significantly by
replenishing kidney-yin with Zuogui Wan. Meanwhile, its
expression of TGF-β1 was also less than that in model group.
      In summary, Zuogui Wan could prevent cerebral neurocyte
apoptosis MSG-liver regeneration rats and down-regulate the
overexpression of TGF-β1 and its acceptors. Thus Zuogui Wan
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Table 3  Effect of Zuogui Wan on TGF-β1 expression of ARN in MSG-liver regeneration-rats (positive cells %, n = 6, mean±SD)

Group                                   Postoperative 1st d            Postoperative 3rd d           Postoperative 5th d Postoperative 11th d

Normal saline     10.9±2.7         13.7±2.5           16.8±2.9 12.6±1.6
MSG-rats     12.8±3.1         13.5±2.8           12.3±3.2 14.5±2.9
Model     19.4±2.4bd         21.3±2.6bd           25.1±2.9bd 29.7±2.8bd

Zuogui Wan     11.3±2.1f         12.9±3.2f           18.8±2.2f 14.8±1.7f

1t = 5.7635, 5.1612, 4.9573, 12.9884, bP<0.01 vs control (Normal saline); 2t = 4.1237, 5.0003, 7.2602, 9.2362, dP<0.01 vs MSG-rats; 3t = 6.2216,
4.9903, 4.2394, 11.1420, fP<0.01 vs Model.



can influence liver regeneration by adjusting nerve-endocrine-
immune network.
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Abstract

AIM: To construct pEGFP-hepatocyte growth factor (HGF)
expression vector, the to detect its expression in transfected
human hepatocytes, and to investigate the influence of
autocrine HGF expression on the proliferative potential and
cytoprotective effects in human hepatocytes.

METHODS: Human HGF cDNA was ligated to the pEGFP vector.
Recombinant plasmid was transfected into human hepatocyte
line QZG with liposome. Expression of HGF protein was observed
by fluorescence microscopy and immunohistochemistry. Hepatic
cells were collected 24, 48, and 72 h after transfection to
detect the number of [3H]-TdR uptake in DNA. DNA synthesis
was observed by using PCNA stain immunohistochemistry.
Acute l iver cell damage was induced by carbon
tetrachloride. Cytoprotective effect was observed by
examining the survival rate of hepatocytes and leakage of
intracellular alanine transaminase (ALT) and potassium ions.

RESULTS: HGF identification of pEGFP-HGF by enzyme
digestion showed that HGF fragment was cloned into BamH
I and Sal I sites of pEGFP-N3. Expression of GFP in transfected
hepatocytes was observed with fluorescence microscopy.
The [3H]-TdR uptake became 7 times as many as in the
control group 96 h after transfection. After HGF transfection,
the survival rate of hepatocytes poisoned by CCl4 significantly
increased (83% vs 61%, P<0.05), and the leakage of
intracellular alanine transaminase and potassium ions decreased
(586 nkat/L vs 1089 nkat/L, P<0.01; and 5.59 mmol/L vs
6.02 mmol/L, P<0.01 respectively). Culture of transfected
hepatic cells promoted the proliferation of other non-
transfected cells.

CONCLUSION: Transfected HGF is expressed in hepatic
cells and has the activity of promoting cell division and
protecting hepatic cells against poisoning.

He Y, Zhou J, Dou KF, Chen Y, Yan QG, Li HM. Autocrine
expression of hepatocyte growth factor and its cytoprotective
effect on hepatocyte poisoning. World J Gastroenterol  2004;
10(19): 2827-2830

http://www.wjgnet.com/1007-9327/10/2827.asp

INTRODUCTION
Hepatocyte growth factor (HGF) was originally isolated as the
most potent mitogen for primary hepatocytes. HGF has
subsequently been revealed to be a multifunctional cytokine in
a wide variety of epithelial cells, endothelial cells, and some
mesenchymal cells during the past two decades[1-7]. In addition
to mitogenic activity, HGF has some unique morphogenic
activities such as an induction of epithelial tubulogenesis
including in cells derived from the kidney, liver and mammary
gland[8,9]. Characterization of scatter factor, which enhances
epithelial cell motility, revealed that it had the same molecule as
HGF. HGF is a heterodimeric glycoprotein composed of a 69 ku
α-chain and a 34 ku β-chain, and has four homologous kringle
domains in the α-chain[10]. The receptor capable of signal
transduction of HGF is a c-met protooncogene product of
heterodimeric tyrosine kinase[11,12]. Extensive studies on the
physiological function of HGF have established that the growth
factor functions as a potent hepatotrophic factor for liver
injuries, but elevated plasma HGF levels have not been noted
in patients with hepatic diseases[13-19].
       HGF and its receptor MET, ordinarily constitute a paracrine
signaling system in which cells of mesenchymal origin produce
the ligand (HGF) which binds to its receptor (MET) that is
predomanantly expressed in cells of epithelial origin[10]. While
the effects of exogenous HGF on promoting normal hepatocyte
growth have been well characterized, there appears to have a
controversy on effect of autocrine HGF on hepatocytes. In this
study, the effects of forced autocrine expression of HGF in
hepatocytes were examined. huHGF was expressed by transducing
hepatocytes with a vector containing huHGF cDNA. It was
demonstrated that the forced expression of HGF in hepatocytes
led to an increase in the population of transduced hepatocytes
compared to non-transduced hepatocytes in the same cultures.
The results suggest that autocrine expression presents an
advantage for the proliferation and survival of hepatocytes
poisoning.

MATERIALS AND METHODS
Materials
PBS-7 vector containing human HGF cDNA was donated by
Professor Toshikazu Nakamura (Division of Biochemistry, Osaka
University Medical School, JaPan). The transfer vector pEGFPN3

containing a humanized green fluorescence protein (GFP) cDNA
was purchased from Clontech Biology Company (USA).

Culture of hepatocytes
Human hepatocyte QZG (donated by the Department of Pathology,
Fourth Military Medical University) was cultured in RPMI1640
medium (Gibco) supplemented with 150 mL/L fetal bovine serum
(100 kU/L penicillin, 100 kU/L streptomycin) and incubated at
37  in humidified atmosphere of 50 mL/L CO2 incubator.

Construction of pEGFP-HGF vectors
Construction of pEGFP-HGF vector was previously described[20].
The human HGF cDNA was isolated from pBluescript SK- as a
2.3 kb BamH I- Sal I fragment. The resulting cDNA fragment



was then inserted into the Sal I and BamHI-sites of the pEGFP-
N3 vector.

Transduction of rat hepatocytes
Exponentially growing QZG cells were seeded into 35 mm tissue
culture dishes and grown to 60-70% confluency in culture
medium. Each culture dish was then transfected with 5 µg
pEGFP-HGF constructs by using lipofectamine according to
the instructions of the manufacturer (Gibco BRL, Eggenstein,
Germany). Encapsulated pEGFP-HGF was incubated for 5 h on
cells in serum free medium, then in medium containing 15 mL/L
bovine serum. After a further incubation of the cells for 24 h,
the culture medium was discarded and replaced by normal
culture medium. Seventy-two hours after transfection, the QZG
cells and their media were harvested for further analysis.

Analysis for HGF expression in hepatocyte
After transfected with pEGFP-HGF, the cells were examined for
the presence of green fluorescence by using an inverted
fluorescent light microscope. Immunocytochemical staining was
performed by using HGF antibody on logarithmically growing
cell lines. Firstly, the cells were plated onto coverslips, adhered
overnight. Then, after rinsed three times with PBS, the cells
were fixed in cold acetone for 8-10 min. Endogenous peroxidase
was blocked with 10 mL/L hydrogen peroxide in absolute
methanol for 30 min. The primary antibodies were applied for 2 h
at 37  at 1:50 dilution in a humidified chamber. Then the
typical SABC strategy followed.

Assay of DNA synthesis by 3H-TdR incorporation
The cells were cultured in an appropriate medium for 24 h prior
to beginning the experiment, and incubated with [3H] thymidine
(18.5 MBq/L, 37 kBq/well). After 6 h the cells were harvested
with trysin/EDTA, and collected from the acetic fiber filter with
a cellular collector and washed three times with PBS. The filter
was dried overnight at 37 , and transferred into a liquid
scintillation counter (containing 10 g/L PO and 20 g/L POP in
xylene) and cpm value was determined by the liquid scintillation
counter (LS6500, Beckmen Co.)

Cell proliferation
The level of expression of proliferating cell nuclear antigen
(PCNA) was used as a marker of cell proliferation. In the present
study PCNA was measured by ABC immunohistochemical
method.

Cytoprotective effects on CCl4-intoxicated human hepatocytes
For assaying cytoprotective effect of autocrine HGF, hepatocyte
QZG was poisoned by carbon tetrachloride (CCl4). After treated
with 15 mmol/L CCl4 for 40 min, survival rate of cells was
measured by trypan blue method. Aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) in supernatant were
measured by using a biochemical analyzer. Leakage of intracellular
potassium ions was measured by using an ion analyzer.

In situ hybridisation
This was performed as previously described. Hepatocytes were
transduced with pEGFP-HGF, trypsinized after 48 h and centrifuged
onto slides (roughly 40 000 cells/cm2). These slides were used
for in situ hybridization. Results were evaluated by counting at
least 3 viewing fields per slide at a magnification ×200.

Statistical analysis
The results are expressed as mean±SE. Statistical analysis was
performed by the Student’s t-test. P<0.05 was considered
statistically significant.

RESULTS
Identification of recombinant pEGFP-HGF expression vector
The recombinant pEGFP-HGF vector was digested by BamH I
and Sal I. pEGFP-HGF contained a 2300-bp and a 4700-kb gene
fragments separated by electrophoresis in 12 g/L agarose gel
(Figure 1). It proved that the HGF gene was correctly inserted
in pEGFP-HGF.

Figure 1  Identification of recombinant plasmids digested with
restriction enzymes BamH I and Sal I. 1, 4, 5: pEGFP-HGF plas-
mid digested with BamH I and Sal I; 2: pBS-7 plasmid digested
with BamH I+Sal I; 3: λDNA/HindIII marker.

Figure 2  Green fluorescence in QZG cells transfected with
pEGFP-HGF fusion constructs, Inverted fluorescent light mi-
croscope ×200.

Figure 3  Expression of HGF protein in QZG cells transfected
with pEGFP-HGF. SABC ×400.

Expression of pEGFP-HGF fusion proteins in QZG cell line
Green fluorescence was visible after transfection with pEGFP-
HGF fusion constructs (Figure 2). The pEGFP-HGF fusion
proteins were localized primarily in cytoplasm. The expression
of HGF in the transfected QZG cells was also detected by
immunohistochemical staining. A lot of brown granules were
seen in HGF transfected QZG cell cytoplasms (Figure 3) proving
that HGF gene could be expressed in QZG cells.

Effect on DNA synthesis
DNA synthesis as mirrored by [3H]thymidine uptake of QZG
cells was determined after transfection with pEGFP-HGF. DNA
synthesis in QZG cells transfected by pEGFP-HGF was accelerated
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in a time-dependent fashion increased by 7-fold compared to
control group after 96 h transfection with pEGFP-HG F (Figure 4).

Cell proliferation
As shown in Figure 5, the expression rate of PCNA on QZG
cells increased after transfection with pEGFP-HGF.

Figure 4  Relative values of 3H-TdR incorporation in QZG
cells transferred with pEGFP-HGF (relative to QZG cells trans-
ferred with pEGFP).

Figure 5  Expression of PCNA protein in QZG cells trans-
ferred with pEGFP-HGF (A) and transferred with pEGFP (B).
×200.

Table 1  Survival rate of hepatocytes and leakage of intracel-
lular ALT and K+

Group         Survival            ALT                   K+

         rate (%)        (nkat/L)        (mmol/L)

QZG             96±2        403±70    5.21±0.04

pEGFP-HGF             98±1        429±80    5.18±0.02

QZG intoxicated             61±7a     1 089±223b          6.02±0.17b

by CCL4

pEGFP-HGF intoxicated          83±6c        586±124d         5.59±0.07d

by CCL4

aP<0.05, bP<0.01, vs QZG group;  cP<0.05, dP<0.01, vs QZG in-
toxicated by CCL4 group.

Cytoprotective effect on hepatocytes injuried by CCl4

After pEGFP-HGF was transfected, the survival rate of QZG
cells intoxicated by CCl4 was significantly increased (83% vs
61%, t = 3.89, P<0.05). The leakage of intracellular alanine
transaminase (ALT) (586 nkat/L vs 1 089 nkat/L, t = 13.07, P<0.01)
and potassium ions (5.59 mmol/L vs 6.02 mmol/L, t = 12.91, P<0.01)
was decreased (Table 1).

DISCUSSION
Hepatocyte growth factor (HGF) is well known as a pleiotropic
substance with mitogenic, motogenic, morphogenic, and tumor
suppressoion activities. HGF was found in the serum of partially
hepatectomized rat and in rat platelets as the most potent
stimulator of hepatocyte growth and DNA synthesis in vitro[21].
The mitogenic function of HGF was confirmed in vivo. In
normal rats as well as partially hepatectomized rats, infusion
of HGF stimulated a 6-fold increase in the mitotic labeling
index of hepatocytes. It also stimulated protein synthesis,
seen as increased hepatic messenger RNA content and serum
albumin levels. HGF has been intensively investigated in terms
of its beneficial effects on hepatic injury[22-24]. It has been
documented that HGF reduced the hepatotoxicity of alpha-
naphthylisothiocyanate, D-galactosamine, and carbon
tetrachloride in rats[25,26]. Moreover, HGF increased survival of
cirrhotic rats subjected to a major hepatic resection and
treatment with dimethylnitrosamine[27-29]. These results suggest
that HGF may play important roles in protection from and
regeneration of hepatic injury and serve as a therapeutic agent.
       HGF and its receptor MET, ordinarily constitute a paracrine
signaling system in which cells of mesenchymal origin produce
the ligand (HGF) which binds to its receptor (MET) that is
predominantly expressed in cells of epithelial origin. In the
present study, we demonstrated that HGF gene transfer into
hepatocytes caused increased proliferation of hepatocytes by
method of PCNA stain and increased DNA synthesis by method
of [3H]thymidine uptake. Forced HGF expression by cultured
human hepatocytes had a mitogenic effect. The detection of
HGF protein assessed by immunocytochemical staining
confirmed the successful transfection of HGF gene.
    Accumulated evidence has revealed that HGF has a
cytoprotective effect on various types of liver cells. In hepatocytes,
HGF attenuated the liver injury induced by lipopolysaccharide
and D-galactosamine[30]. Moreover, HGF abrogated Fas-
induced massive liver apoptosis and lethal hepatic failure by
inducing Bcl-xL expression, with subsequent blockage of a
Fas-mediated signaling pathway upstream of CPP32 in the
liver, suggesting that HGF has an inhibitory effect on Fas-
mediated apoptosis. HGF could also ameliorate hepatocellular
dysfunction and posthepatectomy hyperbilirubinemia in an α-
naphthylisothiocyanate-induced cholestasis model, in which
the epithelia of bile ducts, as well as hepatocytes, became
necrotic. This finding indicates that HGF could promote tissue
repair of both epithelial cells and hepatocytes[31,32]. In the
present study we demonstrated the cytoprotective effect of
HGF transgene on hepatocyte injury by CCl4. HGF transgene
markedly increased the survival rate of hepatocytes against
CCl4 injury, decreased the leakage of intracellular alanine
transaminase and potassium ions.
       Since its introduction into cell biological research, the green
fluorescent protein (GFP) of jellyfish Aequorea victoria has
become a versatile tool for the analysis of protein function and
dynamics at the cellular level. GFP, consisting of 238 amino
acids, has been used as a tag for localization of a broad range
of proteins in a wide variety of eukaryotic cells. A mutant of
GFP, S65T with an excitation peak of 489 nm and an emission
peak of 511 nm, could emit 4 to 6 times more fluorescence energy
compared with wild-type GFP. GFP may be fused generically to
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a target protein, and the fluorophore of GFP forms spontaneously
in the presence of oxygen, thus rendering it an ideal probe for
in vivo applications. The in vivo expression of GFP could obviate
the fixation and permeablization of cells for immunofluorescence
or the mirojijection of labeled proteins. GFP fusion proteins
constitute a major advance in the study of the dynamics of
intracelluar processes in living cells[33-37]. A major concern in
the application of GFP as a fluorescent tag relates to whether
the distribution of GFP fluorescence is identical to that of the
protein to which it is fused. We have constructed GFP- HGF
fusion gene and transfected into hepatocytes. The results indicate
that the fusion protein can still be expressed in the nuclei of
hepatocytes. Because liver disease, especially viral liver diseases
are common in China, our study is of much more significance.
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Abstract

AIM: To investigate the effects of herbal compound 861
(Cpd 861) on cell proliferation in human hepatic stellate
cells (LX-2) and human hepatocellular liver carcinoma cells
(HepG2), and expression of α-smooth muscle actin (α-SMA)
in LX-2 cells.

METHODS: LX-2 and HepG2 cells were incubated with
various concentrations of Cpd 861 (0.1-0.003 mg/mL) for 1,
2, 3, 5 and 7 d. Cell proliferation was analyzed by 3-(4, 5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium (MTS) assay. Effects of Cpd861
on the expression of α-SMA mRNA in LX-2 cells were
measured by real-time quantitative PCR method using SYBR
Green I technology.

RESULTS: Cpd 861, at 0.1 mg/mL, significantly inhibited
LX-2 cell proliferation (15% decrease relative to control,
P<0.05) after 3 d of incubation. The inhibitory effects seemed
to increase with the treatment time (25% decrease after
5 d of incubation and 35% decrease after 7 d of incubation,
P<0.01). However, Cpd 861 did not affect HepG2 cell
proliferation at the same concentration used for LX-2 cells.
The expression levels of α-SMA mRNA decreased significantly
when LX-2 cells were exposed to Cpd 861 for 48 h (59%
decrease relative to control, P<0.05) or 72 h (60% decrease
relative to control, P<0.01).

CONCLUSION: Cpd 861 can significantly inhibit LX-2 cell
proliferation in a dose-dependant manner, and reduce the
expression levels of α-SMA mRNA in LX-2 cells. Since hepatic
cell proliferation and high level of α-SMA are associated
with liver fibrosis, the results suggest that Cpd 861 may be
useful in the treatment of this disease.

Wang L, Wang J, Wang BE, Xiao PG, Qiao YJ, Tan XH. Effects
of herbal compound 861 on human hepatic stellate cell
proliferation and activation. World J Gastroenterol  2004; 10
(19): 2831-2835
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INTRODUCTION
Hepatic fibrosis is a reversible wound healing response to chronic
liver injury due to a variety of insults, including viral hepatitis
(especially hepatitis B and C), alcohol abuse, drugs, metabolic
diseases, autoimmune attack of hepatocytes or congenital
abnormalities[1,2]. As shown in many recent studies, hepatic
stellate cells (previously called Ito cells, lipocytes, perisinusoidal
cells, or fat-storing cells) are primary cell types to mediate
fibrogenesis[1,2]. In normal liver, hepatic stellate cells (HSCs)
are nonparenchymal quiescent cells with functions to store
vitamin A. Following liver injury of any etiology, HSCs undergo
a process of activation, transform from quiescent vitamin A-rich
cells to proliferative, fibrogenic, contractile myofibroblasts.
Activated HSCs lose lipid droplets, feature high level expression
of α-smooth muscle actin (α-SMA), and also are responsible
for the deposition of the majority of excess extracellular matrix
(ECM, predominantly types I and III collagen), which leads to
form action of scar tissue in the fibrotic liver[1-4].
       Herbal compound 861 (Cpd 861) is an extract of 10 herbs
with Salvia miltiorrhiza, Astragalus membranaceus and
Spatholobus suberectus as its chief components. The recipe
of this mixed compound was based on the therapeutically
indications of Chinese medicine. Clinical studies showed Cpd
861 could significantly improve clinical symptoms in hepatic
fibrosis patients as well as the biochemical parameters
associated with diseases in clinical tests for patients[5,6].
Experimental researches also showed that Cpd 861 could
inhibit cell proliferation, reduce the level of α-SMA and reverse
the process of liver fibrosis on rat model[5-7]. In this study, we
aimed to investigate the effects of Cpd 861 on LX-2 and HepG2
cell proliferation and expression of α-SMA in LX-2 cells.

MATERIALS AND METHODS
Materials
Human activated hepatic stellate cell line LX-2 was a gift from
Dr. Friedman of Mount Sinai School of Medicine. LX-2 cells
were a low-passaged human cell line from normal human stellate
cells that were spontaneously immortalized[8,9]. The cells
exhibited typical features of stellate cells and expressed α-SMA
under all culture conditions and were regarded as at least
partially activated even after immediate replating. LX-2 cells
underwent further activation during growth and expansion on
plastic surfaces[8].
     Human hepatocellular carcinoma cell line HepG2 was
purchased from the Chinese Academy of Medical Sciences
(Beijing, China). Dulbecco’s modified Eagle’s medium
(DMEM), L-glutamine and streptomycin were purchased
from Gibco, Invitrogen, Carlsbad, CA. Fetal bovine serum
(FBS) was from Hyclone, USA. Penicillin and phenazine
methosulfate (PMS) were from Sigma, USA. MTS and oligo
(dT)15 primers were acquired from Promega, USA. TRIzol
reagent and Moloney murine leukemia virus reverse transcriptase
(M-MLV RT) were the products of Invitrogen, CA. SYBR
Green I was purchased from OPE Technology Development
Company, Shanghai, China. Hotstar Taq DNA polymerase was
purchased from TW-Biotech, China.



Cell culture and cell proliferation assay
LX-2 cells were cultured in DMEM supplemented with 50 mL/L
heat-inactivated FBS, 200 mmol/L L-glutamine, 100 U/mL
penicillin and 100 µg/mL streptomycin. HepG2 cells were
cultured in DMEM containing 100 mL/L FBS, 200 mmol/L
L-glutamine, 100 U/mL penicillin and 100 µg/mL streptomycin.
      MTS assay was used to determine the effect of Cpd 861
on the proliferation of LX-2 and HepG2 cells. In metabolically
active cells, MTS was reduced by dehydrogenase enzymes
into an aqueous, soluble formazan product. The absorbance
was measured directly at 490 nm from 96-well assay plates
without additional processing. The quantity of formazan was
considered to be directly proportional to the number of viable
cells in the culture[10,11].
     LX-2 and HepG2 cells were seeded into 96-well tissue
culture plates containing 100 µL DMEM containing 50 mL/L
FBS (5000 LX-2 cells/well and 8000 HepG2 cells/well). After
24 h of incubation (37 , 50 mL/L CO2), the medium was
carefully removed and 100 µL fresh medium containing various
concentrations of Cpd 861 was added into the wells. The cells
were treated continuously with Cpd 861 for 1, 2, 3, 5 and 7 d
and the medium containing Cpd 861 was changed every other
day. At the end of experiments, 20 µL/well of combined MTS/PMS
solution was added. After 3 h of incubation at 37  in a
humidified incubator, the absorbance was analyzed on a
VERSAmax microplate reader at 490 nm. Absorbance values
were the mean±SE of 3 replicates for each treatment. The cells
in only controls and compound controls were included.

RNA isolation and reverse transcription
LX-2 cells were seeded into 60 mm dishes in DMEM containing
50 mL/L FBS. After 3 d of seeding, the medium was carefully
removed and fresh medium containing Cpd 861 (0.01 mg/mL)
was added. After 24, 48 and 72 h of Cpd 861 treatment, total
RNA was extracted from LX-2 cells using TRIzol reagent as
the lysis buffer. Complementary DNA (cDNA) was synthesized
using oligo (dT)15 primers and M-MLV RT.

Real-time quantitative PCR using SYBR Green I
After the reverse-transcription reaction, cDNA templates were
amplified by quantitative real-time PCR. The reaction was
performed using the iCycler iQ real-time PCR detection system
(Bio-Rad, USA) with SYBR Green I. Human α-SMA and
G3PDH (glyceraldehyde-3-phosphate dehydrogenase) primers
were designed using Primer 3 software (Table 1).
     Each experiment was performed in 25 µL of reaction
volume [1.25 µL of 20× SYBR Green, 1 µL of first strand
cDNA (50 ng RNA), 2 µL of each 5 nmolar primer, 0.75 U
Hotstar Taq DNA polymerase, 2.5 µL of 10× amplification buffer
(Mg++ free), 2.5 µL of 25 mmol/L MgCl2, 0.5 µL of 10 mmol/L

solution of four dNTP and 15.1 µL of dH2O]. In the last tube,
1 µL of ddH2O was added as a non-template control. The
conditions of amplification cycles were as follows: 40 cycles
consisting of denaturation at 95  for 40 s, annealing at 59 
(for α-SMA) or at 60  (for G3PDH) for 40 s, and extension at
72  for 30 s.
       The iCycler apparatus was used to measure the fluorescence
of each sample in every cycle at the end of the extension[12]. A
series of consecutive 10 fold dilution of α-SMA and G3PDH
plasmid DNA ranging from 109 copies/µL to 103 copies/µL
were used as the templates for the standard curves. The iCycler
software was used to construct the calibration curve by plotting
the Ct (threshold cycle) vs the logarithm of the number of copies
for each calibrator. The number of copies in unknown samples
was calculated by comparing their Cts with the standard
calibration curve. The quality and quantities of samples were
normalized based on that of G3PDH.
      After PCR, a melting curve was obtained by increasing
the temperature from 55  to 95  with a temperature
transition rate of 0.1 /s. The melting curves of all final PCR
products were analyzed. The differences in melting temperature
of PCR products allowed us to distinguish genuine products
from nonspecific products, and primer dimers. To ensure that
the correct product was amplified in the reaction, all samples
were also separated on 20 g/L agarose gel electrophoresis. All
PCR conditions and primers were optimized to produce a single
product of the correct basepair size.

Table 1  Oligonucleotide PCR primers for human α -SMA
and G3PDH

Oligonucleotide     Oligonucleotide primer                         Fragment
                   sequence                                          size

α-SMA
sense      ACT GGG ACG ACA TGG AAA AG        265 bp
antisense      TAG ATG GGG ACA TTG TGG GT

G3PDH
sense      ACC CAG AAG ACT GTG GAT GG        125 bp
antisense      TTC AGC TCA GGG ATG ACC TT

Statistical analysis
Data were expressed as mean±SE. Statistical analysis was
performed using GraphPad Prism (version 3.0) software. The
t test was used for comparison between the groups. P<0.05
was considered statistically significant.

RESULTS
Cell proliferation assay
We examined the effects of Cpd 861 on the proliferation of
LX-2 and HepG2 cells (Figures 1, 2). Cells were incubated

Figure 1  Regulation of proliferation in LX-2 and HepG2 cells by Cpd 861. A: Effect of 0.1 mg/mL Cpd 861 on LX-2 cell proliferation.
B: Effect of 0.1 mg/mL Cpd 861 on HepG2 cell proliferation. Data are expressed as the mean±SE of 3 replicates. aP<0.05 vs LX-2 cell
controls after 3 d of incubation. dP<0.01 vs LX-2 cell controls after 5 d of incubation. fP<0.01 vs LX-2 cell controls after 7 d of incubation.
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with 0.1 mg/mL, 0.03 mg/mL, 0.01 mg/mL and 0.003 mg/mL of
Cpd 861 for different days (Figure 1). Cell proliferation was
performed by MTS assay. As shown in Figure 2, the effects of
Cpd 861 on LX-2 cell proliferation seemed to be correlated with
the dose. A significant proliferation inhibition was observed
when Cpd 861 concentration was over 0.03 mg/mL (Figure 2).
As shown in Figure 1A, 0.1 mg/mL Cpd 861 significantly
inhibited LX-2 cell proliferation (15% decrease relative to control,
P<0.05) after 3 d of incubation. The inhibition effects seemed to
increase with the treatment time (25% decrease after 5 d of
incubation and 35% decrease after 7 d of incubation, P<0.01).
The inhibition of cell proliferation Cpd 861 at 0.03 mg/mL
concentration was also observed on d 3 (15% decrease relative
to control) and on d 5 (21% decrease relative to control) (data
not shown), and still could be observed on d 7 (18% decrease
relative to control) (Figure 2). However, Cpd 861, at 0.01 mg/mL
and 0.003 mg/mL concentrations, did not inhibit LX-2
proliferation evidently. The effects of Cpd 861 on LX-2 cell
proliferation seemed low at early time points (on day 1 and day 2).
We also examined the effects of Cpd 861 on the proliferation of
HepG2 cells. As shown in Figures 1B and 2, Cpd 861 did not
affect HepG2 cell proliferation.

Figure 2  Dose dependent effects of Cpd 861 on cell prolifera-
tion in LX-2 and HepG2 7 d after incubation. Data are expressed
as the mean±SE of 3 replicates. bP<0.01 vs LX-2 cell controls.

Quantification of expression of ααααα-SMA mRNA in Cpd 861-
treated LX-2 cells
We examined the effect of Cpd 861 on the expression of
α-SMA, a phenotypic marker of activated HSCs. The PCR
amp/cycle graph and standard curve graph of α-SMA are shown
in Figure 3. The standard curve showed a correlation coefficient
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Figure 3  Fluorescence data (A) and standard curve (B) for α-SMA generated on iCycler iQ real-time PCR detection system.
Plasmids containing the fragments for α-SMA were diluted from 109 to 103 copies.

Figure 4  Melting curve for all PCR products after amplification.
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>0.99, indicating a precise log-linear relationship. As shown in
melt curve graph (Figure 4), single and sharply defined melting
curves with narrow peaks were obtained for PCR products of α-
SMA gene. Bands visible after electrophoresis on 2% agarose
gel and ethidium bromide staining correlated well with the
quantitative PCR results. As shown in Figure 5, Cpd 861 could
reduce the expression levels of α-SMA in LX-2 cells after
treatment. When LX-2 cells were exposed to Cpd 861 for 48 or
72 h, the expression levels of α-SMA decreased significantly
(59% decrease relative to control at 48 h, P<0.05, and 60% decrease
relative to control at 72 h, P<0.01) (Figure 5).

Figure 5  Effects of Cpd 861 on expression of α-SMA mRNA in
LX-2 cells. LX-2 cells were incubated with 0.01 mg/mL Cpd 861
for different time. The relative number of molecules of α-SMA
mRNA after normalization to G3PDH was calculated. The data
represent mean±SE of 4 replicates for each treatment. aP<0.05
vs LX-2 cell controls after 48 h of incubation. dP<0.01 vs LX-2
cell controls after 72 h of incubation.

DISCUSSION
In the liver, activated stellate cells are the key mediators of
fibrosis[4]. During hepatic fibrogenesis, HSCs undergo an
activation process, becoming highly proliferative and α-SMA
positive myofibroblast-like cells.
      Cpd 861 is an effective herbal compound for treatment of
patients with hepatic fibrosis[5]. Its function to effectively reverse
hepatic fibrosis has been confirmed by liver biopsies[5-7]. In
other studies, data showed that Cpd 861 also could suppress
inflammation and fibrogenesis of the liver tissue[7, 13, 14] and reduce
expression of collagens and fibrosis related cytokines[14-19]. It
could also inhibit rat hepatic stellate cell proliferation in a dose-
dependent manner and decrease activation of rat HSCs in vivo
and in vitro[20,21].
     Our results suggested that Cpd 861 could significantly
inhibit human hepatic stellate cell LX-2 proliferation in a
dose-dependant manner when its concentration was over
0.03 mg/mL. The inhibition function increased obviously with
the incubation time. However, the results showed that Cpd
861 did not inhibit HepG2 cell proliferation at the same
concentration, indicating that Cpd 861 probably could
specifically inhibit hepatic stellate cell proliferation, although
further study is needed.
       RT-PCR is a technique that has been wildly used to quantify
physiological changes in gene expression[22]. However, there
is lack of accurate quantification in most of the cases[22,23].
Real-time PCR techniques developed during the last decade
could offer much more accurate and precise quantitation of
DNA and RNA[23,24]. In our study a reliable and accurate
real-time PCR method using SYBR Green I technology[25,26]

was taken to measure the effects of Cpd 861 on expression of
α-SMA mRNA in LX-2 cells. To quantify the number of
molecules of α-SMA mRNA, standard curves were constructed
with plasmids containing the fragments for α-SMA and

G3PDH as the templates. A high linearity was observed over a
dynamic range of at least 5 orders of magnitude (from 109 to 103

copies). All PCR conditions and primers were optimized to
produce the target products of the correct basepair size just as
shown in melt curves. Quantities of α-SMA were expressed as
relative ratio to the copy number of G3PDH. The results
indicated that the expression levels of α-SMA mRNA decreased
significantly when LX-2 cells were exposed to Cpd 861 at
0.01 mg/mL concentration for 48 or 72 h. Although at the same
concentration, Cpd 861 did not inhibit LX-2 cell proliferation.
     In conclusion, Cpd 861 can significantly inhibit LX-2
proliferation in a dose-dependant manner when its
concentration is over 0.03 mg/mL. Additionally, Cpd 861 can
reduce the expression levels of α-SMA mRNA in LX-2 cells
and this function seems independent of its effects on inhibition
of cell proliferation.
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Abstract

AIM: To examine the effects of tegaserod, a serotonin
(5-HT) 4 receptor partial agonist, on abdominal withdrawal
reflex (AWR) to rectal distention (RD) and c-Fos expression
in limbic system.

METHODS: Neonatal Sprague-Dawley rats randomly
received colonic irritation by acetic acid from postnatal day
8 to d 21 as a visceral hypersensitive model (group H) or by
intrarectal saline as a control group (group C). When they
became adults, rectal distention (RD) was performed by a
balloon (6F; Fogarty arterial embolectomy catheter; length,
20 mm; diameter, 2 mm) which was rapidly inflated with
increasing volumes of saline (0.4, 0.8 and 1.2 mL) for 20 s
at five-minute intervals. Five subgroups of group H (H-saline,
H-vehicle, H-Teg0.1, H-Teg0.3 and H-Teg1.0) were injected
randomly with saline, vehicle (1-methyl-2-thpyrrolidone) or
tegaserod at doses of 0.1, 0.3 and 1.0 mg/kg ip, respectively.
Two subgroups of group C (C-Saline and C-Teg1.0) were
injected with saline or tegaserod (1.0 mg/kg) ip. RD was
performed 10 min after injection, AWR was recorded and
c-Fos expression in limbic system was analyzed quantitatively
by immunohistochemistry.

RESULTS: Compared to saline, tegaserod significantly
inhibited AWR in group H (0.4 mL: from 2.0 to 0.5; 0.8 mL:
from 3.5 to 1.5; 1.2 mL: from 4.0 to 3.0, P<0.01), but had
no significant effect on group C. Tegaserod dose-dependently
attenuated the number of c-Fos positive neurons in limbic
structures, anterior cingulate cortex (ACC) showed the
greatest attenuation. In group H, tegaserod (1.0 mg/kg)
resulted in a significant overall decrease to 57% of H-saline
(283±41 vs 162±16, P<0.01), in ACC to 42% of H-saline
(72±10 vs 31±8, P<0.01). In group C, tegaserod (1.0 mg/kg)
resulted in an overall decrease to 77% of C-saline (214±13
vs 164±22, P<0.01), in ACC to 65% of C-saline (48±8 vs
31±7, P<0.01).

CONCLUSION: Tegaserod inhibits the response to rectal
distention in rats with visceral hypersensitivity and dose-
dependently attenuates c-Fos expression in limbic system,
especially in anterior cingulate cortex.

Jiao HM, Xie PY. Tegaserod inhibits noxious rectal distention
induced responses and limbic system c-Fos expression in rats
with visceral hypersensitivity. World J Gastroenterol  2004;
10(19): 2836-2841
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common disorder
characterized by abdominal pain and altered bowel habits,
consisting of constipation, diarrhea, or both. Several
pathophysiological mechanisms have been suggested to play
a role in the genesis of symptoms in patients with IBS, among
others visceral hypersensitivity, autonomic nervous system
dysregulation[1], alterations of gastrointestinal (GI) motility[2],
and abnormalities in neurotransmitter systems[3]. It has been
shown that at least a subgroup of IBS patients shows a
hyperalgesic response to visceral stimuli, and discomfort in
response to colorectal balloon distension under experimental
conditions[3,4]. Abnormalities which upregulate afferent
(sensory) signal intensity anywhere in the “brain-gut axis”
could induce visceral hypersensitivity[5].
       It has been shown in experimental rats that rectal distention
is a non-invasive, reproducible visceral stimulus, which can induce
a range of pseudoaffective responses, including vasomotor,
visceromotor, and respiratory responses[3]. Abdominal withdrawal
reflex (AWR) is an involuntary motor reflex similar to the
visceromotor reflex[6]. Intestinal distention can be considered
to as an appropriate stimulus for studies of visceral nociception[7].
   In previous studies, it has been shown that noxious distension
of hollow viscera induces a specific pattern of c-Fos expression
in rat limbic brain structures[3,8], which involved in higher
cognitive functions (i.e. emotion, memory, motivation) and led
to the perception of visceral pain[9]. Induction of c-Fos expression
is a well established marker of neuronal activation, and
immunohistological detection of c-Fos-like immunoreactivity
allows a mapping of activated brain nuclei on a single cell level[3].
     Serotonin (5-HT) is thought to play a role in visceral
nociceptive mechanisms. There is considerable evidence that
serotonin is involved in the regulation of motility and sensation
in the gut[3]. In animal studies, tegaserod was reported to inhibit
abdominal contraction response to noxious intestinal distention[10].
Tegaserod, a 5-HT4 receptor partial agonist, could relieve
symptoms in irritable bowel syndrome patients with abdominal
pain, bloating and constipation[11]. However, little is known
about the effect of tegaserod on neuronal activity in limbic
structures at noxious rectal distention. Therefore, in the present
study, we established a rat model to investigate the role of 5-
HT4 receptors in mediating activation of limbic structures at
rectal distention, as assessed by c-Fos expression. We aimed
to establish a mechanism of the action of 5-HT4 receptors
specific to visceral nociceptive neurotransmission.

MATERIALS AND METHODS
Animals
Experiments were performed using Sprague-Dawley rats
obtained as preweanling neonates (younger than 8 d) from the
Animal Center in the First Hospital of Peking University. Rats
were housed in plastic cages containing corn chip bedding
and maintained on a 12:12-h light-dark cycle (lights on at 7
AM) at 22 to 23  and in 60-65% humidity. The irritation
procedure and the experimental testing were conducted during
the light component of the cycle. The neonates were housed



12 in a cage with their mothers until they were 25 d old. Mothers
had access to food and water ad libitum. After separation, the
rats were housed 4 in a cage with access to food and water ad
libitum. The animals were deprived of food but water 18 h
before rectal distention (RD). Animal care and experimental
procedures were followed institutional ethics guidelines and
conformed to the requirements of the State Authority for
Animal Research Conduct.

Weight
Each rat was weighed every 3 d from days 9 to 40.

Colon irritation
Neonatal Sprague-Dawley rats (8 d old) were divided into 2
groups (group C: control and group H: hypersensitivity)
undergoing different treatments. Forty-eight rats in group H
received intracolonic injections of 5 mL/L acetic acid (0.5 mL)
daily between the ages of 8 and 21 d. Acetic acid was injected
into the colon via the PE90 tube inserted to 2 cm from the anus.
Twenty-four rats in group C received intracolonic injections of
9 g/L saline (0.5 mL) daily between the ages of 8 and 21 d[12].

Drug administration protocol
Because tegaserod (HTF 919; Novartis Pharma AG, Basel,
Switzerland) is poorly soluble in water, the fractions were made
up using 0.1 mL of 1-methyl-2-pyrrolidinone (vehicle)[10]. After
dissolved in the vehicle, distilled water was added to make
the solution up to 0.5 mL. According to the drugs injected
intraperitoneally 10 min before RD, 48 rats in group H were
divided into 6 subgroups (H0, H-saline, H-vehicle, H-Teg0.1,
H-Teg0.3, and H-Teg1.0), and 24 rats in group C were divided
into 3 subgroups (C0, C-saline, and C-Teg1.0), eight rats in
each subgroup. Rats in group C-saline and H-saline were injected
with saline (0.5 mL), in group C-Teg1.0 with tegaserod (1.0 mg/kg),
in group H-vehicle with vehicle (0.1 mL and distilled water 0.4 mL)
and in group H-Teg0.1, H-Teg0.3, and H-Teg1.0 with tegaserod
at a dose of 0.1, 0.3 or 1.0 mg/kg, respectively. Groups H0 and
C0 were not distended and only histological examination and
myeloperoxidase (MPO) activity assay were done.

Histological examination and myeloperoxidase (MPO) activity
assay
Three weeks after cessation of the irritation protocol, in groups
H0 and C0, the distal 4-5 cm of the descending colon and rectum
was removed and histological analysis and MPO activity assay
were performed. MPO activity assay was performed as described
previously[13,14]. MPO activity was expressed as U/g protein.

Behavioral testing[6,12]

Behavioral responses to RD were assessed in all groups 3 wk
after cessation of the irritation protocol by measuring the
abdominal withdrawal reflex (AWR) using a semiquantitative
score. AWR is an involuntary motor reflex similar to the
visceromotor reflex. However, the advantage of AWR over the
visceromotor reflex is that the latter requires additional surgery
to implant recording electrodes and wires in the abdominal
muscles, which may cause additional sensitization in an already
sensitized system. Distention balloons (described below) were
placed in the rectum of lightly sedated adult rats (ether) and
secured by taping the attached tube to the rat’s tail. The rats
were then housed in small Lucite cubicles (20 cm×8 cm×8 cm)
on an elevated Plexiglas platform and allowed to wake up and
adapt (20 min). Measurement of the AWR consisted of visual
observation of animal response to graded RD (0.4, 0.8 and 1.2 mL)
by blinded observers and assignment of AWR scores: 0, no
behavioral response to RD; 1, brief head movement followed
by immobility; 2, contraction of abdominal muscles; 3, lifting of

abdomen; 4, body arching and lifting of pelvic structures. The
rats were given RD for 20 s every 5 min. To achieve an accurate
measure, distensions were repeated 5 times for each volume.
The data for each animal were averaged for analysis. The results
obtained were compared among groups. A change in the
magnitude of an evoked response indicated a change in visceral
pain processing.

Colon stimuli [12]

Colon stimulation consisted of graded RD produced by inflating
a balloon inside the rectum. The balloon, 2 cm in length and
2 mm in diameter (6F, Fogarty arterial embolectomy catheter,
Baxter, USA), was carefully inserted intrarectally and fixed at a
distance of 1 cm with an adhesive tape at the tail of the rat.
Distension was produced by rapidly inflating the balloon to
the desired volumes with saline (0.4, 0.8 or 1.2 mL) for 20 s at 5-min
intervals. Before they were used, the balloons were blown up
and left overnight so the latex stretched and the balloons
became compliant. Tegaserod (0.1, 0.3 or 1.0 mg/kg) or saline or
vehicle was administered 10 min prior to RD. Only a single dose
was tested in each animal.

c-Fos immunohistochemistry[15]

Within 30 min following the end of the distention procedure,
the animals were deeply anesthetized with an overdose of
sodium pentobarbitone (60 mg/kg intraperitoneally) and then
perfused through the ascending aorta with saline (9 g/L),
followed by 500 mL of cold 0.1 mol/L phosphate buffer (PB, 4 )
containing 40 g/L paraformaldehyde (pH 7.4). The brain was
immediately removed and postfixed in the same fixative at 4 
overnight, and then placed in 300 g/L sucrose with 0.1 mol/L
PB for 72 h at 4 . Coronal sections (40 µm thick) were cut from
frozen blocks at the levels of brain regions of interest (1.5 mm
to 5 mm posterior to bregma, according to the atlas of Paxinos
and Watson). Every fifth section was stained for c-Fos-like
immunoreactivity (c-Fos-ir) using the method of free floating
for immunohistochemistry. Briefly, sections were first washed
3 times in phosphate buffered saline plus 3 g/L Triton X-100
(PBS-T) (5 min each time) at room temperature, and incubated
for 10 min with PBS-T containing 50 mL/L normal goat serum to
block nonspecific binding sites and facilitate tissue penetration.
Then sections were washed with PBS-T and incubated for 24 h
at room temperature with PBS-T containing rabbit polyclonal
anti-Fos protein antiserum (Zhongshan, China) (diluted 1:200).
After washed with PBS-T, sections were incubated with
biotinylated anti-rabbit IgG (1:300, Zhongshan, China) for
120 min. The sections were then incubated with strepta-vidin-
peroxidase conjugate (1:300) for 120 min and subsequently
visualized using diaminobenzidine (DAB) as chromogen.
Sections were mounted on gelatin-coated glass slides, air dried,
dehydrated in ethanol, and xylene, then coverslipped with
DePeX. Brain sections were examined using bright-field
microscopy. The same lot of antibody was used for each study
outlined below. The primary c-Fos antibody was omitted in
one well of each immunohistological reaction as a negative
control. In each study, every staining process included free-
floating sections of all groups using the same buffers and
solutions.

Fos-like immunoreactive nuclei
The number of c-Fos-like immunoreactive (c-Fos-ir) nuclei was
counted in 5 sections of each rat as identified by morphology
using an image analysis package (Leica Q550CW running
QWIN software; Leica UK Ltd, Milton Keynes, UK). In the
anterior cingulate cortex (ACC), thalamus (TH), hippocampus
(HP), hypothalamus (HypoTH) and amygdala (Amy), c-Fos-ir
nuclei were counted individually and expressed as the number
per 600×500 pixel. All brain regions were counted bilaterally in
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each section. The total number of c-Fos-ir nuclei in five sections
was used for subsequent data analysis. The counts comprising
all those nuclear immunoreactive signals could be clearly
distinguished from the background.

Data and statistical analysis
Statistical analysis was done using SPSS for windows 11.0.
The results of weight, MPO activity and the number of c-Fos-ir
were expressed as mean±SD, and statistical significances were
determined using Student’s paired t test or one way analysis of
variance (ANOVA), followed by Dunnett’s post hoc test. The
median values of the AWR scores among all groups at each
volume of RD were compared using the Mann-Whitney U-test.
P<0.05 was considered statistically significant.

RESULTS
Comparision of body masses of rats in each group
Masses on d 9 and 40 were not statistically different between
groups H and C (18.9±3.2 g vs 19.6±3.2 g, 154.4±12.7 g vs
149.3±16.5 g, respectively). The model did not alter the growth
rate of the rats.

Histological analysis and MPO activity assay
The identifiable histopathology was absent in the adult colons.
The tissues showed no significant structural damage or loss of
crypts. Mucin depletion or increase in intraepithelial
lymphocytes was not seen in any of the tissues examined.
MPO activity was not statistically different between groups H
and C (20.49±1.64 U/g protein and 17.49±6.35 U/g protein,
respectively).

Table 1  AWR scores in group H (median, min-max)  (n = 8)

     0.4 mL         0.8 mL 1.2 mL

H-saline     2.0 (1-3)       3.5 (3-4) 4.0 (4-4)
H-vehicle     2.0 (0-3)       3.0 (2-4) 4.0 (3-4)
H-Teg0.1     1.0 (0-2)b       2.0 (1-3)a, b 3.0 (3-4)a,b

H-Teg0.3     1.0 (0-1)b       1.5 (0-3)b 3.0 (3-4)a,b

H-Teg1.0     0.5 (0-1)b       1.5 (1-2)b 3.0 (1-3)b

bP<0.01 vs H-saline; Difference between H-Teg0.1and H-Teg0.3
was not significant at all volumes; aP<0.05 H-Teg0.1, H-Teg0.3
vs H-Teg1.0.

Table 2  AWR scores in group C (median, min-max, n = 8)

        0.4 mL            0.8 mL   1.2 mL

C-saline        1.0 (0-2)           2.5 (2-3)   3.0 (3-4)
C-Teg1.0        0.0 (0-2)           2.0 (2-2)   3.0 (3-4)
Z value        1.465           2.236    0
P value        0.195           0.105   1.000

The differences between C-saline and C-Teg1.0 were not sig-
nificant at all volumes.

Comparison of tegaserod effects on AWR (Tables 1, 2)
H-saline vs C-saline  Median AWR scores at volumes of 0.4,
0.8, and 1.2 mL were significantly higher in H-saline than in
C-saline (2.0, 3.5, and 4.0, vs 1.0, 2.5, and 4.0, respectively)
(P<0.05). These results suggested that the model of visceral
hypersensitivity in this study was reliable (Figure 1A).
AWR in subgroups of group H  Median AWR scores were similar
in H-saline and in H-vehicle, so the effect of vehicle could be
negligible. AWR scores were significantly higher in H-saline
than in H-Teg0.1, H-Teg0.3, and H-Teg1.0. The 5-HT4 receptor
agonist tegaserod (0.1, 0.3, and 1.0 mg/kg) significantly inhibited

the response to rectal distention in rats with hypersensitivity
(P<0.01). The difference between H-Teg0.1 and H-Teg0.3 was
not significant at all volumes. The difference between H-Teg0.1
and H-Teg1.0 was significant at the volumes of 0.8 mL and 1.2 mL
(P<0.05). The difference between H-Teg0.3 and H-Teg1.0 was
significant only at 1.2 mL (P<0.05). At the volume of 0.4 mL,
differences of AWR scores in H-Teg0.1, H-Teg0.3, and H-Teg1.0
were not significant (Figure 1B, Table 1).
C-saline vs C-Teg1.0  Median AWR scores were similar in C-
saline and in C-Teg1.0 at all volumes. These results suggested
that tegaserod (1.0 mg/kg) had little effect on the AWR response
to RD in control rats (Figure 1C, Table 2).
C-Teg1.0 vs H-Teg1.0  At 1.2 mL, AWR scores were higher in C-
Teg1.0 than in H -Teg1.0 (P<0.05). While at 0.4 mL and 0.8 mL,
the differences between H-Teg1.0 and C-Teg1.0 were not
significant. It seemed that the inhibitory effect on AWR at
largest volume (1.2 mL) was stronger in hypersensitive condition
than in normal condition (Figure 1D).

Table 3  Number of c-Fos positive neurons in limbic struc-
tures in group H (mean±SD, n = 8)

         ACC Hippocampus HypoTH Amygdala Thalamus Overall

H-saline    72±10       54±13 51±17    44±16      62±19    283±41
H-vehicle  72±10       54±13 49±15    43±15      62±19    281±37
H-Teg0.1  53±14b      48±10 47±13    42±11      50±13    239±31a

H-Teg0.3  40±11b      45±7 41±11a    37±11      45±11a   208±25b

H-Teg1.0  31±8b        36±9b 31±10b     30±8b      34±10b   162±16b

F value     60.583      11.605 8.199     5.362      14.574    61.989
P value      0.000        0.000 0.000     0.000         0.000     0.000

aP<0.05, bP<0.01 vs H-saline.

Table 4  Number of c-Fos positive neurons in limbic struc-
tures in group C (mean±SD, n = 8)

         ACC Hippocampus HypoTH Amygdala Thalamus Overall

C-saline    48±8         46±7  36±8     39±7        45±11   214±13
C-Teg1.0   31±7b       36±8b  30±9     33±10      34±7a    164±22b

aP<0.05, bP<0.01 vs C-saline.

Comparison of tegaserod effects on c-Fos expression in limbic
structures (Tables 3, 4)
Repetitive RD significantly induced changes in neuronal activity
in all animals, as determined by increased density of c-Fos-ir
cells (Figure 2). c-Fos expression was located bilaterally in
discrete areas of limbic structures. The overall number of
c-Fos-ir cells in H-saline was significantly more than that in
C-saline (283±41 vs 214±13, P<0.001), but the difference was
not significant in hippocampus (54±13 vs 46±7, P = 0.374).
Tegaserod given ip 10 min prior to RD produced a significant,
dose-dependent attenuation in the total number of c-Fos-ir nuclei
in limbic brain compared with saline. These effects were especially
clear in anterior cingulate cortex (ACC). In the hippocampus and
amygdala, the effect of tegaserod was significant only at the
high-dose (1.0 mg/kg). Tegaserod (0.1 mg/kg) decreased the
overall c-Fos-ir to 85% of saline (P<0.05). The greatest attenuation
was in ACC (74% of H-saline), while amygdala was least affected
(95% of H-saline). Tegaserod (0.3 mg/kg) significantly attenuated
c-Fos expression in ACC, hypothalamus, and thalamus (to 56%,
80% and 73% of saline, respectively). A high dose of tegaserod
(1.0 mg/kg) resulted in a significant (P<0.01) overall decrease
of c-Fos in five areas, the overall number was decreased to 57%
of saline. Similar to the low dose, ACC showed the greatest
attenuation (42% of H-saline), while other regions were decreased
to approximately 60% of H-saline (Figure 3A).
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Figure 1  AWR scores of H-saline and C-saline, group H, group C, H-Teg1.0 and C-Teg1.0, aP<0.05; bP<0.01. A: AWR scores of H-
saline and C-saline. B: AWR scores of group H. C: AWR scores of group C. D: AWR scores of H-Teg1.0 and C-Teg1.0.

Figure 2  c-Fos-ir nuclei in anterior cingulate cortex (ACC) (200×). A: H-saline; B: H-Teg0.1; C: H-Teg0.3; D: H-Teg1.0; E: C-saline;
F: C-Teg1.0.
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      In group C, although the inhibitory effect of tegaserod on
AWR was not significant, the attenuation effect on c-Fos
expression was also observered. Tegaserod (1.0 mg/kg) resulted
in a significant overall decrease in c-Fos to 77% of C-saline.
Similarly, ACC also was the greatest attenuation (65% of C-
saline). In addition, tegaserod could decrease c-Fos in thalamus
and hippocampus (76% and 78% of C-saline, respectively)
(Figure 3B).

DISCUSSION
Experimental data suggested that patients with IBS had visceral
sensory dysfunction so that physiological stimuli could induce
their symptoms. Visceral afferent input is modulated by a variety
of mechanisms operating between the gastrointestinal tract
and the brain, and dysfunction of these regulatory mechanisms
could distort gastrointestinal perception[16]. Intestinal discomfort
reaches awareness via neural connections termed the “brain-
gut axis”. Abnormalities which upregulate afferent (sensory)
signal intensity anywhere in this system could induce
hypersensitivity, pain, and discomfort. Several features of IBS
suggest involvement of the brain’s emotional limbic system,
such as higher prevalence of anxiety and psychosocial
stressors, augmented intestinal and stress responses and
response to centrally acting medication. Recent brain imaging
data suggested that pathways involved in visceral pain
perception overlapped with limbic pathway[17,18]. In the brain,
increased thalamic activation has been seen in IBS, which could
indicate increased afferent output from lower levels. Activation
of the anterior cingulate cortex, the limbic center that encodes
pain suffering, appeared to be enhanced in IBS, especially under
the influence of anxiety[5].
      Colonic irritation with acetic acid in neonatal rats could lead
to a state of chronic visceral hypersensitivity in adults[19-21].
This model did not alter the growth rate of the rats. This
hypersensitivity occurs in the absence of identifiable
histopathology in the adult colon and does not change MPO
activity of colonic tissue. Myeloperoxidase (MPO), a hydrogen
peroxide (H2O2) oxidoreductase, is specifically found in mammalian
granulocytic leukocytes, including polymorphonuclear leukocytes
(PMNs), monocytes, basophils and eosinophils. MPO activity
has been widely accepted as an enzyme marker to measure and
quantitate the PMN content in a variety of tissues. It has been
suggested that measurement of MPO provides a simple and
specific method to quantitate PMN accumulation or infiltration
in a variety of pathological processes accompanied with
inflammation[22].
     5-HT4 receptors have been found to be involved in regulating
the sensitivity of rectal mechanoreceptive afferents[23].
Tegaserod is a 5-HT4 receptor partial agonist with a relatively
long half-life (approximate 11 h in dogs and humans)[24]. It could
dose-dependently inhibit the abdominal contraction response
to noxious intestinal distention not linked to alterations in
compliance[10]. In our study, in rats with hypersensitivity but

not in control rats, tegaserod potently inhibited AWR at all
volumes of distention. It seemed that the inhibitory effect on
AWR at the highest volume (1.2 mL) was more powerful in
hypersensitive condition than in normal condition. The results
are inconsistent with the study of Coelho et al.[10]. Two reasons
may have been responsible for these phenomena. One reason
might be that the patterns of intestinal distention were different.
In the study of Coelho et al., the balloon was an inflated 5 min
step of 15 mmHg, from 0 to 60 mmHg. The other reason might
be that 5-HT4 receptors played a relatively modest role in
modulating visceral sensation under basal physiological
condition[25]. Thus, we tentatively suggest that the number of
5-HT4 receptors may be upregulated and/or the effect followed
by the activity of 5-HT4 receptor may be increased under
hypersensitive status. The exact mechanisms of its action need
to be further researched.
      c-fos, an immediate-early gene, could be expressed within
the neurons following voltage-gated calcium entry into the
cells[26]. c-fos was induced by noxious stimulus, generally as
the result of an injury[27]. c-Fos protein encoded by c-fos, has
been regarded as a third messenger molecule which couples
the short term extracellular signals with the long term alteration
in cell function when neurons are excited[28]. c-Fos could be
interpreted as an increase in activity of those neurons expressing
the protein[27], so it is usually used as a marker to indicate the
activation of neurons[29]. Following injury there was a correlation
between the expression of c-Fos and magnitude of hyperalgesia,
and c-Fos expression following noxious intensities of intestinal
distention could reflect the intensity of stimuli and the degree
of discomfort[27]. Previous study has demonstrated that c-Fos
is expressed in limbic brain structures in response to noxious
rectal distention[9]. Limbic structures play an important role in
visceral pain processing. The present report provided quantitative
data on expression of c-Fos protein induced by rectal distention
and the effect of tegaserod at different doses on c-Fos
expression in brain nuclei, such as hypothalamus, thalamus,
amygdala, hippocampus, and anterior cingulate cortex following
noxious rectal distension. Functional brain imaging researches
have demonstrated that colorectal distention could cause
abnormal activation in ACC[17] and thalamus in IBS patients
compared with control[17,18]. From our results, we conclude that
tegaserod dose-dependently attenuates c-Fos expression in
limbic structures. Especially in ACC and thalamus, the effect of
tegaserod is more evident. This may do good for IBS patients.
      5-HT4 receptors are widely distributed in peripheral and
central sites. In gut, 5-HT4 receptors are located primarily on
the enterochromaffin cells and less on smooth muscle cells,
enterocytes, and neurons[24]. 5-HT4 receptors are highly
expressed in several brain regions, such as limbic areas,
periaqueductal grey matter and sensory terminals[30] and in
spinal cord and dorsal root ganglion neurons[25]. The site of
action of tegaserod was not established in the present study,
but could be at the level of enteric or primary sensory neurons,

Figure 3  Number of overall c-Fos-ir nuclei and in each of the 5 areas as a percent of H-saline and C-saline. A: Number of overall
c-Fos-ir nuclei and in each of the 5 areas as a percent of H-saline. B: Number of overall c-Fos-ir nuclei and in each of the 5 areas as
a percent of C-saline.
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or via spinal or supraspinal neuronal circuits concerned with
the modulation of nociceptive transmission. A study by
Schikowski et al.[23] demonstrated that tegaserod might have a
direct effect on the mechanoreceptive afferents. We supposed
that 5-HT4 receptors might directly decrease the signals
ascending to the central nervous system (CNS) or might decrease
the activity of CNS (as demonstrated by c-Fos-ir nuclei), which
would benefit for IBS patients. Little is known about the effect
of tegaserod on response following intracerebroventricular
injection. Further studies are needed to determine the central
action of 5-HT4 receptors.
     In conclusion, tegaserod inhibits response to noxious
distention, and the effect is more evident in hypersensitive
condition than in control. Tegaserod dose-dependently
attenuates c-Fos expression in limbic structures, especially in
anterior cingulate cortex. Therefore, tegaserod decreases central
sensitization. Tegaserod may be of potential use in the treatment
of visceral pains.
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Abstract

AIM: To examine the effects of berberine, an isoquinoline
alkaloid with a long history used as a tonic remedy for liver
and heart, on ion channels of isolated rat hepatocytes.

METHODS: Tight-seal whole-cell patch-clamp techniques
were performed to investigate the effects of berberine on
the delayed outward potassium currents (IK), inward rectifier
potassium currents (IK1) and Ca2+ release-activated Ca2+

currents (ICRAC) in enzymatically isolated rat hepatocytes.

RESULTS: Berberine 1-300 µmol/L reduced IK in a concentration-
dependent manner with EC50 of 38.86±5.37 µmol/L and nH

of 0.82±0.05 (n = 8). When the bath solution was changed
to tetraethylammonium (TEA) 8 mmol/L, IK was inhibited.
Berberine 30 µmol/L reduced IK at all examined membrane
potentials, especially at potentials positive to +60 mV (n = 8,
P<0.05 or P<0.01 vs control). Berberine had mild inhibitory
effects on IK1 in rat hepatocytes. Berberine 1-300 µmol/L
also inhibited ICRAC in a concentration-dependent fashion.
The fitting parameters were EC50 = 47.20±10.86 µmol/L,
nH = 0.71±0.09 (n = 8). The peak value of ICRAC in the I-V
relationship was decreased by berberine 30 µmol/L at potential
negative to -80 mV (n = 8, P<0.05 vs control). But the reverse
potential of ICRAC occurred at voltage 0 mV in all cells.

CONCLUSION: Berberine has inhibitory effects on potassium
and calcium currents in isolated rat hepatocytes, which may
be involved in hepatoprotection.
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INTRODUCTION
Many natural drugs for liver diseases are currently used in
popular medicine. For example, quaternary protoberberine
alkaloids from Flissitigma and Goniothalamus have been used
in popular medicine for hepatomegaly and hepatosple-
nomegaly[1,2]. The use of alkaloids from Berberis aristata for
liver injury induced by chemical carcinogenesis and alkaloids
from Enantica for disorders of bilirubin has also been reported[3, 4].
       Berberine is an isoquinoline alkaloid with a long history in

both Ayurvedic and Chinese medicine. It exists in Hydrastis
canadensis (golden seal), Coptis chinensis (Coptis or golden
thread), Berberis aquifolium (Oregon grape), Berberis vulgaris
(barberry), and Berberis aristata (tree turmeric). Berberine
alkaloid can be found in roots, rhizomes, and stem bark of plants[5].
Berberine has been extensively studied and is known to exhibit
multiple pharmacological activities such as antiprotozoal,
antihypertensive[6], antibacterial[7], anti-inflammatory,
anticholinergic[8] and antiarrhythmic activities[9]. Hwang et al.
reported that berberine inhibited hepatotoxicity induced by
tert-butyl hydroperoxide (t-BHP) via its antioxidant potential
and could function as a chemopreventive agent in living
systems[10]. Previous studies have shown that berberine could
block delayed rectifier potassium currents, inward rectifier
potassium currents (IK1) and L-type calcium currents (ICa,L) in
guinea pig ventricular myocytes[11,12]. So far, however, its
hepatoprotective mechanism still remains unknown. No data
are available on the relationship between ion currents in
hepatocytes and the hepatoprotective effect of berberine.
       Therefore, this study used patch-clamp techniques to record
the whole-cell currents in isolated rat hepatocytes in order to
investigate the hepatoprotective mechanism of berberine.

MATERIALS AND METHODS
Cell preparation
Rat hepatocytes were enzymatically isolated from Sprague-
Dawley (SD) rats of either sex (150-200 g) by using slightly
modified procedures described previously[13]. Briefly, adult
animals were anesthetized with an intraperitoneal injection of
pentobarbital sodium (30 mg/kg) in strict accordance to the
guidelines established by the Institutional Animal Care and
Use Committee, which follow all applicable state and federal
laws. Portal vein and inferior vena cava were cannulated. The
liver was initially perfused at a flow rate of 25 mL/min via a
constant-flow system with modified oxygenated Ca2+, Mg2+-
free Hanks’ solution for several minutes, followed by perfusion
with a Ca2+, Mg2+-free Hanks’ solution containing collagenase
(0.3 g/L, type I) for 10 min. The solutions were gassed with
950 mL/L O2+50 mL/L CO2 and heated to 37 . After these
perfusions, the liver was excised and then minced in Ca2+, Mg2+-
free Hanks’ solution at 0 . The cells were filtered through a
200 µm nylon mesh, and washed 3 times by centrifugation at 50 g
for 2 min. The cell pellets were resuspended in KB medium that
yielded approximately 85% to 95% viable hepatocytes. A small
aliquot of the medium containing single cells was transferred
into a 1-mL chamber mounted on the stage of an inverted
microscope (IX-70, Olympus, Japan). Spherical and smooth cells
were used for the whole-cell patch-clamp studies. All experiments
were performed at room temperature (20  to 22 ).

Voltage-clamp recording
A programmable vertical puller (pp-83, Narishige, Japan) was used
to pull the electrodes. The resistance of capillary glass electrodes
(GC150TF-10, Clark Electromedical Instruments, UK) used was 2
to 4 M  when filled with internal solution. A patch-clamp amplifier
(EPC-9, Germany) was used to record the whole-cell currents with
four-pole Bessel filter set at 1 kHz, digitized at 5 kHz. The protocols
for voltage-clamp and data analysis were established with routines
using pClamp 6.0 software (Axon Instrument, USA), and data



were stored in computer for subsequent analysis. Drug actions
were measured only after steady-state conditions reached, which
were judged by the amplitudes and time courses of currents
remaining constant with further perfusion of drugs.

Drugs and solutions
Berberine hydrochloride was obtained from Yichang Pharmaceutical
Company of China as base powders, dissolved in distilled water
and made into a stock solution at 0.1 mol/L. Berberine was
added to bath solutions for extracellular application. All drugs
were purchased from Sigma (USA) unless otherwise indicated.
       Ca2+, Mg2+-free Hanks’ solution for cell-isolation (mmol/L)
contained NaCl 137, KCl 5.4, NaH2PO4 0.5, Na2HPO4 0.58,
NaHCO3 4.16 and glucose 5.5 (pH 7.3). Kraft-bruhe (KB) medium
for cell-preservation (mmol/L) contained L-glutamic acid 70,
KCl 130, taurine 15, KH2PO4 10, MgCl2 0.5, glucose 11, N-
(hydroxyethyl) piperazine-N’-2-ethanesulphonic acid (HEPES)
10 and ethylene glycol-O-O’-bis (2-aminoethyl) -N,N,N’,N’-
tetraacetic acid (EGTA) 0.5 (pH 7.4).
       In studies of IK, the bath solution was a modified Tyrode’s
solution (mmol/L) containing NaCl 144, KCl 4.0, CaCl2 1.8, MgCl2

0.53, Na2HPO4 0.33, HEPES 5 and glucose 5.5 (pH 7.3). The
patch pipette solution contained (mmol/L) KCl 130, K2ATP 5.0,
creatine phosphate 5.0 and HEPES 5.0 (pH 7.4).

        For experiments on IK1, both the bath solution and the pipette
solution contained (mmol/L) KCl 7, MgCl2 2, EGTA 1, K-
glutamate 130 and HEPES 10 (pH 7.4).
      For ICRAC recording, the bath solution (mmol/L) contained
NaCl 140, KCl 2.8 CaCl2 10, MgCl2 0.5, glucose 11 and HEPES 10
(pH 7.4). The pipette solution used (mmol/L) contained K-glutamate
145, NaCl 8, MgCl2 1, MgATP 0.5, EGTA 10 and HEPES 10 (pH 7.2).

Data analysis
All the data were expressed as mean±SD and error bars were
plotted as SD. Statistical significance was evaluated by a t test.
Statistical differences were considered to be significant when
P value was less than 0.05.

RESULTS
Effects of berberine on IK

Under conventional whole-cell patch-clamp mode, the
membrane potential was clamped at -50 mV, and IK was elicited
in isolated rat hepatocytes by depolarizing pulse to +140 mV
for 900 ms. The current at the end point of the test pulse was
measured as the amplitude of IK.
     The percentage block of IK was defined as (IControl-Iberberine)/
IControl and plotted as a function of logarithm [berberine] in

Figure 1  Effects of berberine on IK. A: Families of IK recorded with changes in the absence or presence of berberine 30 µmol/L and
100 µmol/L. Dotted line indicates zero current level; B: Dose-response curve for effects of berberine on IK; C: I-V relationship of IK

under control ( ) and berberine 30 µmol/L ( ). D: Families of IK1 recorded with changes in the absence or presence of berberine 100
µmol/L. Dotted line indicates zero current level; E: I-V relationship of IK1 under control ( ) and berberine 100 µmol/L ( ). F:
Families of ICRAC recorded with changes in the absence or presence of berberine 30 µmol/L. Dotted line indicates zero current level;
G: Dose-response curve for effects of berberine on ICRAC;  H: I-V relationship of ICRAC under control ( ) and berberine 30 µmol/L ( ).
The voltage steps used to elicit IK are shown in the inset. n = 8, mean±SD, aP<0.05, bP<0.01 vs control.
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Figure 1B. At +140 mV, berberine 1-300 µmol/L decreased the
IK amplitude concentration-dependently in all cells tested,
which was poorly reversible after washout. The data points
were fitted according to the Hill equation: Inhibition of current
(%) = 100 / [1+ (EC50/C) nH], and an EC50 value of 38.86±5.37 µmol/L
and nH of 0.82±0.05 were obtained (n = 8). When the bath
solution was changed to tetraethylammonium (TEA) 8 mmol/L,
IK was inhibited.
      Figure 1A shows the effects of berberine 30 µmol/L on the
steady-state I-V relationship for IK generated by applying 12
steps voltage command pulse from +30 mV to +140 mV for 900 ms
with a 10 mV increment from a holding potential of -50 mV. By
comparing these two I-V curves shown in Figure 1C, IK was
reduced by berberine 30 µmol/L at all membrane potentials
examined, especially at potentials positive to +60 mV (n = 8, P<0.05
or P<0.01 vs control). The results clearly indicated that
berberine had a depressant action on IK in rat hepatocytes.

Effects of berberine on IK1

Hyperpolarizing and depolarizing potentials over a range from
-200 mV to +175 mV with a 25 mV increment for 40 ms were
applied from a holding level of 0 mV. The absolute value at the
end of test pulse was measured as the amplitude of IK1. After
administration of berberine 100, 300 µmol/L, the IK1 amplitude at
-200 mV was decreased from -3 044.75±262.06 pA to -2 451.33±226.45
pA and -2 310.66±182.65 pA, respectively. The inhibition rates
were 17.49±2.51% and 24.11±3.60%, respectively. Figures 1D
and 1E shows the I-V relations of berberine 100 µmol/L on IK1.
As shown in Figures 1D and 1E, berberine only had mild
inhibitory effects on IK1 in isolated rat hepatocytes.

Effects of berberine on ICRAC

When the holding potential was 0 mV, and the cells were depolarized
to -100 mV for 200 ms at a frequency of 0.2 Hz, ICRAC was evoked.
As shown in Figure 1G, ICRAC also was blocked by berberine in
a concentration-dependent fashion, with an EC50 value of
47.20±10.86 µmol/L and nH of 0.71±0.09 (n = 8). Figure 1H shows
the effect of berberine 30 µmol/L on the steady-stated I-V
relationships generated by applying a series depolarizing pulses
from a holding potential of 0 mV to different membrane potentials
(-100 mV to +80 mV) with a 20 mV increment. The peak value of
ICRAC was reduced on either inward or outward components,
especially from -100 mV through -80 mV (n = 8, P<0.05 vs control).
But the reverse potential of ICRAC occurred at voltage 0 mV in all cells.

DISCUSSION
In this study, for the first time, we characterized the effects of
berberine on IK, IK1 and ICRAC by patch-clamp techniques and
demonstrated that berberine mainly inhibited IK, ICRAC and IK1 in
isolated rat hepatocytes.
       Potassium channels are ubiquitous in eukaryotic cells and
could play roles in resting membrane potential, frequency of
action potential, membrane potential repolarization rates and
cell functions. It has been found that membrane potential is
important in regulating metabolic processes in the liver, including
gluconeogenesis, amino acid transport, and the rate of uptake
of bile salts[14,15]. Changes in K+ permeability could affect the
transmembrane potential. Bile formation was involved in anion
accumulation within the apical lumen of hepatocytes. Potassium
flux through hepatocellular basolateral membrane channels might
provide the counterion for apical anion efflux[16]. Transcellular bile
acid transport could be integrated in the regulation of intracellular
pH, K+ homeostasis and membrane potential. Hepatocellular K+-
depletion could result in the inhibition of bile acid secretion despite
increasing the intracellular concentration[17-19].
      During ischemia and hypoxia, hepatocellular volume and
K+ conductance were increased and would lead to cell death[20,21].

Nietsch et al. demonstrated TNF (25 ng/mL) elicited a 2- and 5-
fold increase in K+ current in hepatoma tissue culture cells. K+

channel activation might participate in pathways that leading
to TNF-mediated cell death, thus representing potential therapeutic
targets to attenuate liver injury from TNF[22]. The inhibition of K+

channels could delay hepatocyte apoptosis and death. Churchill
et al. reported that potassium channel antagonists had protective
effects on rat liver via regulating the energy metabolism[23].
       Previous studies showed that berberine (0.5, 5 mg/kg, i.p.)
protected rat liver from hepatotoxicity induced by t-BHP[10]. As
shown previously, t-BHP could shrink hepatocytes by release
of cellular K+. Single-channel patch-clamp studies demonstrated
t-BHP activated a 35-pS K+ channel and contributed to the K+

release of hepatocytes following exposure to t-BHP[24]. In this
study, we observed that the concentration of berberine on IK

was consistent with the dose reported by Hwang[10]. The
hepatoprotective effect of berberine on t-BHP may have some
relations with the inhibitory effect on potassium channel.
       However, as we reported previously, AP-Q had a protective
effect on CCl4-induced liver injury, probably by selectively
increasing IK. In this experiment, we observed that berberine
had a protective effect on t-BHP induced liver injury by decreasing
IK. The contradiction may be due to the different mechanism of
CCl4-induced and t-BHP induced liver injury. CCl4-induced
hepatocyte injury paralleled with membrane depolarization by
blocking the potassium channel in damaged hepatocytes[25-27].
However, t-BHP-induced liver injury is concerned with the
release of cellular K+ by activating potassium channel. A
previous study showed that berberine had not any protective
effects on CCl4-induced liver injury[28].
       Calcium has been demonstrated to play an important role in
hepatocyte damage. An increase in calcium ion concentration
in cytoplasm due to the influence of various toxic agents caused
disturbances in the structure and function of hepatocytes,
leading to their damage and even death[29]. Previous studies
showed that hepatocellular Ca2+ overload and impaired Ca2+

signaling were related to hemorrhage/resuscitation liver injury.
Increased Ca2+ uptake could result from a receptor-gated Ca2+

influx and/or oxygen-free radical induced membrane Ca2+ leaks.
A protective effect of calcium channel blockers on hepatotoxins
has been reported[30].
       Calcium ions could enter the cells mostly through calcium
channels. However, hepatocytes as the nonexcitable cells were
short of the voltage-dependent Ca2+ channels but possessed
plasma membrane Ca2+ channels that had a high selectivity for
Ca2+, and were activated by a decrease in the concentration of
Ca2+ in intracellular stores, which was named ICRAC

[31,32].
Berberine inhibited ICRAC with EC50 of 47.20 µmol/L, which was
different from the EC50 of ICa,L in cardiac myocytes[33]. The
differential drug sensitivity of the two currents also provided
further support for the idea that ICRAC is different from voltage-
gated Ca2+ channel.
    Berberine inhibited IK, IK1 and ICRAC concentration-
dependently in isolated rat hepatocytes and the inhibitory
extent was IK>ICRAC >IK1. Therefore, berberine could block K+

channel and decrease the extracellular K+ to regulate the
metabolic processes in the liver. Berberine could also inhibit
ICRAC effectively and protect hepatocytes from calcium overload
via the inhibition of ICRAC. The inhibitory effects on potassium
and calcium current may partly contribute to the hepatoprotective
action of berberine. As berberine has already been used for
liver damage in human beings[34], it may be a good candidate
for further study and used in treatment of liver damage.
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Abstract

AIM: To analyze a 30-year historical series of patients treated
in our hospital, who ingested corrosive substances, and to
assess the effectiveness of surgical therapy administered in
patients with strictures after caustic injury in esophagus
during this period.

METHODS: A total of 79 cases of caustic burns in
esophagus were treated in Tangdu Hospital from 1971 to
2001. Their clinical and pathological data were reviewed,
and collected from the medical records of patients and
interviews with them.

RESULTS: More men (n = 61) than women (n = 18) ingested
caustic substances with a sex ratio of 3.4:1 during the
30-year period. The caustic materials were liquid lye and
acids (54 cases and 25 cases, respectively). Sixty-eight
patients were given esophageal replacement in more than
three months after caustic injury with no postoperative death,
of which 17 cases developed postoperative complications
making a complication rate of 25%. The most common
one was cervical anastomotic leakage. All patients had
improvement in swallowing afterwards.

CONCLUSION: The presence and severity of injuries are
correlated with the amount of caustic substances ingested.
Surgical treatment is a good option in patients with severe
strictures, and colonic interposition might be the best surgical
process. The most important factors to guarantee a successful
outcome for surgery are good vascular supply and absence
of tension in the anastomosis.

Han Y, Cheng QS, Li XF, Wang XP. Surgical management
of esophageal strictures after caustic burns: A 30 years of
experience. World J Gastroenterol  2004; 10(19): 2846-2849
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INTRODUCTION
Potentially catastrophic presentation and life long complications
resulting from caustic ingestion make it one of the most
challenging clinical situations in gastroenterology. Caustic
material ingestion is most frequently encountered in children
who accidentally swallowed caustic materials or in adults who
ingested caustic materials for suicidal purposes[1,2]. Alkaline
caustics and acids are the commonest chemicals implicated in
caustic burns. Burns from ingestion of such agents may include

the oral, pharynx, larynx, esophagus and stomach. Destruction
of tissues or of these organs may lead to complications, of
which respiratory compromise, esophageal and gastric
perforation, septicemia, or even death might occur. Stricture
formation with inability to swallow food after the injury is
inevitable in some cases. Many different therapies have been
recommended. The literature regarding the treatment of these
patients is quite controversial and inconclusive. Repeated
dilations to maintain an adequate lumen diameter were given in
patients with chronic strictures. As for the complications and
ineffectiveness of the dilation in more severe strictures, surgical
replacement of esophagus may be required. The objective of
this study was to analyze a 30-year historical series of patients
treated in our hospital who ingested caustic substances, and
to assess the effectiveness of surgical therapy administered in
patients with strictures after caustic injury in esophagus as
well as the best time for operation.

MATERIALS AND METHODS
Subjects
From 1971 to 2001, 79 cases of caustic burns in esophagus
were treated in Tangdu Hospital. Their clinical and pathological
data were reviewed, and collected from the medical records of
patients and interviews with them. Sixty-one men and 18 women
ingested caustic substances (sex ratio 3.4:1), respectively.
Patients aged from 2 to 72 years (mean, 20.8 ± 2.5 years). The
caustic materials for injuries were liquid lye and acids (54 cases
and 25 cases, respectively). Ingestion was associated with
suicidal intent in 70% of cases and accidental in 29% of cases.
The amount of substances ingested ranged from 5-15 mL to as
much as 40 mL, with the amount tending to be larger in the
suicide attempts. To determine the amount of caustic substances
ingested, patients or witnesses were asked to compare the
amount ingested to the amount of water in a cup. The time
intervals the patient came to our hospital after ingestion varied
from several hours to several days. A total of 73 cases presented
lesions of the esophagus. Two patients, who ingested a large
amount of more than 60 mL caustic substances, died of stomach
and esophageal perforation during the acute phase as a result
of generalized infection and bleeding. Four patients, who
ingested less than 15 mL, did not present severe complications.
Esophageal strictures were found in 72 cases, the presence of
stenosis was determined 2 wk after ingestion (chronic phase)
by endoscopy and radiological signs.

Treatment
All the patients were given early emergency managements
including early administration of an appropriate neutralizing
agent such as ingesting water or milk after the ingestion,
although it did not seem to prevent stenosis[3] , and antibiotics,
as well as the correction of any apparent hydration deficiency
or acid-base imbalance, and corticosteroid treatment to the
patients with signs of esophagitis. Forty-eight patients of 77
cases underwent emergent endoscopy to assess the degree of
damage after patients were stabilized, which was very important
for the diagnosis and evaluation of the degree of injuries.
Patients with ulceration, blisters, even areas of extensive



necrosis always tended to develop esophageal strictures[4,5].
Among the 79 patients, 72 might undergo a long period of
dysphagia, and gastrostomy or jejunostomy was performed
for feed routinely soon after the injury except 4 patients who
were lucky enough to escape severe injury and suffered from
only oral burn, and 1 patient refused for further treatment
because of economical reasons. No emergency thoracotomy
was performed for the esophagectomy or gastrectomy in this
group. Sixteen patients were performed repeated dilations 1-2 mo
after ingestion (Table 1).

Table 1  Previous management before esophagus replace-
ment (n = 79)

Procedures n %

Gastrostomy 25 31.6
Jejunostomy and pyloroplasty 12 15.2
Jejunostomy 19 24.1
Repeated dilation after 15 19.0
gastrostomy or jejunostomy
Dilation and stent placement after   1   1.2
gastrostomy or jejunostomy
No surgery   7   8.8

Esophageal replacement
Sixty-eight patients, among whom 12 had been given repeated
dilation with failure therapy, were performed esophagus
replacement for diffuse or multiple caustic esophageal strictures
and 3 patients were cured after corticosteroid treatment and
repeated dilations, 1 patient was performed stent placement.
Among the 68 patients, 65 underwent the operation 6 mo and 3
three months after the injury. Stomach, jejunum and colon were
used for esophageal replacement (Table 2). The colon (63/68) was
commonly used as an esophageal substitute in reconstruction,
and all went through the substernal route.

Table 2  Operation procedure of esophageal replacement (n = 68)

Procedure  n           %

Colonic interposition 63      92.6
Esophagogastrostomy   3        4.4
Jejunal interposition   2        3.0

Surgical procedure of colonic interposition
As colonic interposition was mostly used in our study, the
surgical procedure was prescribed. The operation was carried
out through an upper abdominal incision and a cervical oblique
incision along the inner border of the sternocleidomastoid
muscle in 62 patients and in 1 patient with a right thoracotomy
respectively. The cervical esophagus was explored. It was
transected in the level that esophagus was normal. In case the
cervical esophagus was thickened and stiff in consistency,
indicating that the organ was too extensively injured, a
hypopharyngocolostomy had to be performed. This was
occurred in 7 cases in this series.
      A sufficient colon segment for graft was mobilized from
colonic mesentery. The middle and left colonic arteries were
identified and freed respectively. The root of the vessels elected
was clamped with bulldog clamps for about 15 min. In the same
time, the estimated ends of graft were clamped with intestinal
clamps and watched. If the colon acted as replacement expressed
normal in color, peristalsis and marginal arterioles would be
pulsating (especially those in both ends of the segment), it
would be transected. The colonic segment used in this group
consisted of left colon in 30 cases, right colon and transverse
colon in 33 cases. The peristaltic orientation of graft consisted

of isoperistalsis in 40 cases and antiperistalsis in 23 cases.
      The substernal tunnel in 61 cases and the subcutaneous
tunnel in 2 were prepared. The proximal end of graft was
elevated gently from abdomen up to the neck through the
tunnel. A proximal esophagocolic or hypopharyngocolic
anastomosis was performed in an end-to-end or end-to-side
fashion with hand-suturing single-layer technique in 56 and 7
cases, respectively.
       Cologastric anastomosis was performed over the midportion
of the anterior wall of the stomach without extensively injuring
the stomach, and the anastomosis between the distal portion
of graft and a Rouxeny loop of jejunum was performed.
      Additional procedure included resection of upper portion
of sternum in 5 patients in order to avoid or decrease
compression on the proximal colonic graft at the level of the
thoracic inlet.

RESULTS
After early emergency management in these patients, 2 patients
who ingested more than 60 mL of caustic substances died of
stomach and esophageal perforation during the acute phase as
a result of generalized infection and bleeding. Four patients,
who ingested less than 10 mL, did not present complications in
the present study. On this basis, we believed that the presence
and severity of injuries were correlated with the amount of
caustic substances ingested, which was similar with the result
of Chien et al.[6]. Sixteen patients were performed repeated
dilation 1-2 mo after ingestion in fear of perforation in earlier
dilations and 12 patients needed further surgical treatment.
      Sixty-eight cases were performed esophageal replacement
because of the later stricture, which caused persistent dysphagia
and weight loss in these patients. Results of operation were
satisfactory with no postoperative death and improved swallowing
ability, among which 17 cases developed postoperative
complications making a complication rate of 25% (Table 3). The
most common one was cervical anastomotic leakage, which
occurred in 9 cases in this series. Postoperatively, swallow
ability was considered good in 65 patients (95.7%) after an
average of 22-mo follow-up (six months to eight years). The
swallow ability was determined through the questionnaire about
the sorts and amounts of food that could be swallowed compared
with the condition before injury and operation in a general
analysis.

Table 3  Postoperative complications (n = 17)

Complication n %

Cervical anastomostic leakage 9 52.9
Cervical wound infection 2 11.7
Anastomotic stenosis 3 17.6
Intestinal obstruction 1   5.8
Pneumothorax 1   5.8
Aspiration pneumonitis 1   5.8

DISCUSSION
A successful management of corrosive injury involves prompt
recognition and early treatment. Unfortunately, it is sometimes
not possible to maintain an esophageal lumen despite all the
measures. Clinically apparent esophageal strictures occurred
in 10-30% of patients with a caustic injury[7], even higher in
some other reports[8,9] . In our study, 68 patients (85%) presented
strictures that needed replacement, which might be due to the
ingestion of relatively large amount of caustic substances for
suicidal intent. Treatment of the strictures after esophageal
injury was very difficult, and dilation has been used in many
hospitals[10]. Even after many times of dilation, strictures were
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found in about 48% cases[11], and although the danger of severe
complications, such as perforation of the esophagus per
procedure, was low (0.9-1.5%)[12,13], a significant number of
people, especially children were at risk with a relatively high
mortality[14,15]. Dilatation therapy, furthermore, required frequent
admissions to hospital and multiple anesthetics with inherent
risks. Surgical intervention, which is a good way to solve the
problem of strictures, in the form of esophageal replacement,
was carried out in more than half patients with established
esophageal strictures[16].

Most beneficial time for surgery
The time for operation of esophageal replacement after
corrosive injury is still under controversy. Certainly, emergency
surgical exploration is indicated if perforation or penetration is
demonstrated.
      Bassiouny et al.[17] found in rats that collagen deposition
peaked during the second week but continued for a long time
after corrosive injury of esophagus. Scar retraction began as
early as the end of the second week, and lasted for about six
months. It took about 6-12 mo before full fibrosis stopped to
develop after the injury[18], which showed that the edge of the
stricture in the esophagus might not be confirmed until then. A
too earlier operation, when the scar has not completely formed,
may promote the risk of anastomostic stenosis. So, it is believed
that the chance of successful surgical management is greater if
the operation is carried out at least six months after the injury.
In our study, 3 patients with strictures in the lower segment of
esophagus, who developed severe dysphagia and refused
gastrostomy, were performed partial esophagectomy and
esophagogastrostomy about 90 d after caustic injury. However,
anastomostic stenosis occured in 2 patients (67%) 2 mo after
operation, a higher incidence of stenosis. The other 65 patients
were performed operation 6 mo after injury with only one
esophageal stenosis occured.
       Although it was reported that esophageal replacement could
be performed even 2-3 mo after injury[19], but many conditions
must be met and the mucosa in the pharynx must be normal. So
we think that the most beneficial time for surgery is no less
than six months after the injury.

Choice of replacement organs
The organs used for esophageal replacement in patients after
caustic injuries included stomach, jejunum and colon in
previous studies[20,21]. Stomach has the disadvantages of long-
term gastroesophageal reflux, possible ulceration, anastomostic
stenosis and progressive dysfunctional propulsion[22]. The
stomach is always not long enough to reestablish a continuity
of esophagus when anastomosis had to be performed in the
neck because the diffused injuries of esophagus, when patients
had to be given partial gastrectomy after caustic injuries. In our
study partial esophagectomy and esophagogastrostomy were
performed only in 3 patients on the condition that strictures
were located in the lower segment of esophagus. Jejunal
interposition is seldom used because of the difficulty for
operation since blood vessels of jejunum are too thin and easier
to be affected after anastomosis. Furthermore, the jejunum is
fragile to the erosion of acid in a long run, so the jejunum
should not be the first choice. In our study, only 2 cases of
jejunal interposition were performed, because the patients had
undergone abdominal operation before and the stomach and
colon were unable to be mobilized. With good blood supply
and improved somatic growth, colon is long enough for
esophageal replacement, and it causes fewer late complications
of esophagitis and stricture because of the resistance to acid.
So colon could offer potential advantages over other organs[20,23],
and is believed to be an ideal organ for the replacement. We
used colon for replacement in 63 cases, and the result was

satisfactory. Our experiences support the idea that colon
interposition is the best process for reconstruction of esophagus
in caustic injury strictures.
      Choice of colon segment as a graft is also a key point for
reconstruction of esophagus. The left colon has been considered
by many surgeons to be a preferable conduit for several reasons.
But left colon interposition could always be used in an
antiperistalic fashion, which may cause inflammation of the
anatomosis, and affect the healing process. In our study, leakage
of cervical anastomosis appeared in 7 cases of the antiperistalic
anastomosis group, which was much higher than the isoperistaltic
groups. So, it is suggested that the reversed peristalsis might
cause more complications of anastomosis than isoperistalsis.
The choice of a colon segment for substitution in our study
was also affected by the supply of blood vessels during
operation, and the color of intestine, and pulsation of marginal
arteries after the supplying artery of colon was clamped. The
mortality and morbidity in the literature after colonic
interposition was very high[24]. The most severe complication
was complete necrosis of the transplanted colon. When it
happened, a more complex reconstruction procedure should
be considered. We had no experience in facing such a catastrophy.
In 1 case, local necrosis in the proximal end of transplanted
colon was observed when anastomotic leakage was diagnosed
3 d after the procedure. The anastomotic leakage was the most
common complication in 9 of 63 cases, making an incidence as
high as 13.3%. Considering the fact that most patients in whom
esophageal disease was caused by caustic injury accompanied
with bad nutritional status, this rate of postoperative complication
after colon interposition is acceptable. Anastomotic leakage of
the patients was managed by opening the cervical wound, and
it seemed to have no effect on the late swallow ability of patients
after anastomotic leakage compared with the patients without
leakage in the follow up interviews. There was no death in the
group. The outcome was favorable when compared with
published literature[24].

Residual esophagus
It is still a subject of a controversy whether the residual esophagus
should be resected after colonic interposition. Many studies
have focused on the relation between esophageal injury and
carcinoma. Although the scarred and damaged esophagus
might have an increased incidence of carcinoma[25,26], there is
no evidence that has been reported. In our study, esophagectomy
was only performed in the esophagogastrostomy and jejunal
interposition groups, and no residual esophagus was resected
in the colonic interposition group. In our follow-up study, no
carcinoma of residual esophagus occurred even 8 years after
operation. In our experience, an additional thoracotomy or
esophagectomy to resect the injuried esophagus is a big
burden for patients, when an abdominal incision is enough in
colonic interposition procedure. Adhesion and inflammation
of the residual esophagus after long time caustic injuries may
be a great strike for patients to receive esophagectomy, with a
higher risk of complications, even death than expected. It is
therefore suggested that a long term follow-up and observation
for the residual esophagus may be a preferable option for the
treatment of caustic injuries of esophagus. Resection of the
residual esophagus should be seriously considered anyhow.

Keys for success of surgical procedure
Certainly good nutrition and careful peri-operation treatment
are important for the healing process of anastomosis.
Gastrostomy or jejunostomy must be performed for the nutrition
of patients. In addition to an effective nutritional support, the
pivotal keys for a successful surgical procedure are the
adequate and good vascular supply for the esophageal replacement,
as well as the absence of tension at the anastomosis. Thus, an
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enough length of substitutes must be prepared. Resection of
parts of the sternum should be considered for colonic
interposition to allow a spacious room for the graft colon, if the
sternum exerts pressure upon the graft colon .
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Abstract

AIM: Laparoscopic resection of tumors on the posterior
wall of gastric fundus, especially when they are next to the
esophagocardiac junction (ECJ), is both difficult and time-
consuming. Furthermore, it can lead to inadvertent esophagus
stenosis and injury to the spleen. In order to overcome
these difficulties, laparoscopically extraluminal resection
of gastric fundus was designed to manage submucosal
tumors located on the posterior wall of gastric fundus and
next to ECJ.

METHODS: From January 2001 to September 2003,
laparoscopically extraluminal resection of gastric fundus
was successfully carried out on 15 patients. There were
11 males and 4 females with an average age of 58 years
(range, 38 to 78 years). The mean diameter of the tumors
was 4.8 cm. The distance of the tumor border from ECJ
was about 1.5-2.5 cm. The four-portal operation procedures
were as follows: localization of the tumor, dissection of
the omentum, mobilization of the gastric fundus and the
upper polar of spleen, exposure of ECJ, and resection of
the gastric fundus with Endo GIA.

RESULTS: The laparoscopic operation time averaged
(66.2±10.4) min, the average amount of bleeding was
(89.4±21.7) mL. The mean post-operative hospital stay
was (5.3±1.1) d. Within 36 h post-operation, 73.3% of all
the patients recovered their gastrointestinal function and
began to eat something and to walk. In all the operations,
no apparent tumor focus was left and no complication or
conversion to open surgery occurred.

CONCLUSION: Our newly designed procedure,
laparoscopically extraluminal resection of the gastric
fundus, can avoid contamination of the abdominal cavity,
injury to the spleen and esophageal stenosis. The procedure
seems to be both safe and effective.

Ke ZW, Zheng CZ, Hu MG, Chen DL. Laparoscopic resection
of submucosal tumor on posterior wall of gastric fundus. World
J Gastroenterol  2004; 10(19): 2850-2853
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INTRODUCTION
Malignant gastric tumors are still considered a contraindication
for laparoscopic surgery by many surgeons. However, the

removal of benign tumors laparoscopically has been widely
accepted as a feasible alternative to laparotomy[1-6]. The most
frequent benign gastric tumor is leiomyoma, and extensive
resection is indicated because it is difficult to differentiate it
from leiomyosarcoma only by biopsy. When a gastric submucosal
tumor is laparoscopically removed, it is recommended to resect
a sufficient margin of the surrounding normal tissues in the
event that the tumor is malignant[5,7-14].
     Laparoscopic resection of a gastric fundus tumor on the
anterior wall is relatively easy, in which a wedge of stomach
can be resected under laparoscopic vision using an Endo GIA
after the lesion is marked endoscopically. However,
laparoscopic resection of tumors on the posterior wall of gastric
fundus, especially when they are next to the esophagocardiac
junction (ECJ), is both difficult and time-consuming. Furthermore,
it can lead to inadvertent esophagus stenosis and injury to the
spleen[14-18]. In order to overcome these difficulties, we proposed
a new technique for the management of submucosal tumors
located on the posterior wall of gastric fundus and next to ECJ,
which was laparoscopically extraluminal resection of the
gastric fundus.

MATERIALS AND METHODS
Materials
From January 2001 to September 2003, 15 procedures of
laparoscopically extraluminal resection of the gastric fundus
were carried out for the submucosal tumors located on the
posterior wall of gastric fundus and next to EJC. There were 11
male and 4 female patients with an average age of 58 years
(range, 38 to 78 years). The complaints at admission included
upper gastrointestinal bleeding (10 cases, 66.7%) and abdominal
pain (4 cases, 26.7%). The remaining one (6.7%) was diagnosed
when having a physical checkup. Preoperative examinations
included gastroscopy, ultrasonic gastroscopy, and barium
swallow examination of the upper gastrointestinal tract, all of
which revealed a submucosal lesion on the posterior wall of
gastric fundus near the ECJ with a regular margin. Since these
tumors could not be lifted by intrasubmucosal injection of
normal saline, gastroscopic local tumor resections were not
indicated. Besides, gastroscopy suggested the presence of
ulcers at the center of tumor surfaces in 11 patients. The neoplasm
diameter ranged 3.0-6.5 cm with a mean value of 4.8 cm. The
distance of the neoplasm margin from ECJ was about 1.5-2.5 cm
(Figure 1).

Surgical Methods
Anesthesia and position  After general anesthesia under
bronchial intubation, the patient was placed in a supine position
with both legs abducted 30O. The surgeon stood between the
patient’s legs while the laparoscopic holder and the operative
assistant on the right and left sides of the patient, respectively.
Portal positions  Trocars with 5 mm or 10-12 mm in diameter
were placed in the umbilicus, the left or right midclavicular line,
and under the xiphoid (Figure 2).
Localization of tumors  Under laparoscopy, three methods
could be used for neoplasm localization: naked eye inspection,
instrument exploration, and intra-operative gastroscopy[19]. In



this series, the neoplasms had a relative large diameter. So the
localization was realized via naked eye inspection and instrument
exploration except in four cases under the help of gastroscopy.
To perform this operation, it was also important to confirm the
distances between tumors and ECJ after the tumors were localized.
Dividing omentum, entering omental bursa, and dividing
splenogastric ligament  Omentum dissection was begun from
the middle-inferior pole of spleen and proceeded along outside
of gastroepiploic vascular arch. After entering the omental bursa,
the gastric posterior wall was turned to right by three-finger
forceps. Next, the short gastric vessels were coagulated and
cut with the ultrasonically activated scalpel to completely divide
the gastric fundus from the superior pole of spleen.

Dissection of the left side of cardiac orifice to expose ECJ
Resection of gastric fundus using Endo GIA  Figure 3A shows
the cutting line of Endo GIA. The firing times of Endo GIA
depended on the size of tumors. Complete resection of tumors
with a sufficient margin usually required 2-3 sequential firings.
When Endo GIA was placed near the left side of cardia, special
care was taken to ensure that ECJ was not involved to avoid
postoperative esophagus stenosis (Figure 3B).
Taking out of specimens  Specimens were taken out through
portal B after they were put in the specimen bag. Pathological
examination was routinely carried out during the procedure.
      The surgical field was irrigated and drainage tube was placed
under the left diaphragm.

Figure 2  Trocar positions for laparoscopically extraluminal
resection of gastric fundus. A: Endoscope portal (10 mm); B, C:
Main working portals (10-12 mm); D: Assisting working por-
tal (5 mm).

Figure 3  Resection of gastric fundus with Endo GIA. A: The
blue line represents the Endo GIA resection line; B: When
Endo GIA was placed near the cardia, special care was taken to
ensure that ECJ was not involved.

Figure 4  Resected specimens. Line a: the distance of the tumor
to ECJ.

RESULTS
In this series, the mean operative time, blood loss, and postoperative
hospital stay were 66.2±10.4 min (range, 55 to 90 min), 89.4±21.7 mL
(range, 50-200 mL), and 5.3±1.1 d (range, 4-7 d), respectively.
On the first postoperative day, the abdominal drainage was
40-180 mL (average, 60.7±14.3 mL). Of all the patients, 73.3%
recovered their gastrointestinal function within 36 h after
operation and began to eat and to walk. The slowest recovery
of gastrointestinal function occurred 60 h post-operation.
      Figure 4 shows the resected specimens. The distance of the
tumor to the section edge was: (1) 1-1.5 cm to ECJ, with an
average of 1.1±0.3 cm; (2) 2.5-6 cm to the other three edges,
with an average of 3.9±1.2 cm. The intra-operative frozen sections
suggested that all the tumors were benign. But the postoperative
paraffin-embedded sections revealed two cases of mesenchymoma
with a low malignancy. In these two cases, the distance of the
tumor to ECJ was 1.3 cm and 1.5 cm respectively, and the
distance to the other three edges was greater than 3 cm. The

Figure 1  Submucosal tumors on gastric fundus diagnosed in preoperative examinations. A: A lesion near to ECJ with a clear-cut
margin shown in barium swallow examination of upper gastrointestine; B: A lesion with a clear-cut margin protruded into
gastric lumen shown in ultrasonic gastroscopy; C: A hemisphere-like projection in the posterior wall of gastric fundus and an
ulcer in its center shown in gastroscopy.
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extensive salvage operation was not carried out, and a follow-
up period of 18 mo and 22 mo, respectively, did not find any
recurrence and metastasis. In the other 13 cases, leiomyoma
was diagnosed in 8 cases, mesenchymoma in 4 cases, and
neurofibroma in 1 case.
    All the 15 laparoscopic surgeries were carried out successfully
with no apparent lesion left, and no complication and conversion
to open surgery occurred. Follow-up was continued for 3.5-33 mo
and revealed no abnormality.

DISCUSSION
Clinically, gastric benign tumors are difficult to differentiate
into malignancy. Even in benign tumors, canceration and severe
complications of obstruction and bleeding may take place latter.
So, active measures should be taken to surgically resect the
tumors. As to the resection depth, the tendency was to remove
the total layer of gastric wall[20-22]. Under gastroscopy, some
gastric tumors could be excised via the intrasubmucosal
injection of normal saline. However, this technique is applied
mainly to the resection of mucosal tumors and not effective on
submucosal neoplasms. Furthermore, the whole thickness of
gastric wall could not be removed using this method. In the
past, laparotomy was primarily performed to resect gastric
submucosal tumors. With the advent of minimally invasive
surgery, laparoscopic resection has become the first choice of
many surgeons[23-26].
      Submucosal tumors in the fundus or cardia of stomachs can
be managed via laparoscopic proximal gastrectomy. However,
postoperative reflux esophagitis is common. For most benign
gastric submucosal tumors, the range of excision is too large
and the procedure is too invasive[27-31]. Laparoscopic wedge
resection of stomachs is the most commonly seen procedure
for submucosal tumors of gastric fundus[31-34]. The tumor on
the anterior wall of fundus is easy to excise with Endo GIA[20].
But for submucosal tumors on the posterior wall of gastric
fundus, especially when next to ECJ, the wedge resection of
stomachs is quite difficult, and caution should be taken to
protect ECJ from postoperative esophageal stenosis and the
spleen from injury, especially its superior polar.
       In our early experience, we managed to resect submucosal
tumors on the posterior wall of gastric fundus through the
window of gastrotomy on the anterior gastric wall. The
procedure was performed as follows: to cut open the anterior
wall of the gastric body or fundus firstly (gastrotomy on the
anterior gastric wall), to extract the posterior wall of gastric
fundus through this cut, and to excise the tumor on the posterior
gastric wall with Endo GIA or the method of stripping plus
endoscopic suturing[35]. This method, though relatively easy
to carry out and with quite a good outcome, has the disadvantage
of seriously intra-operative abdominal contamination of gastric
juice. Furthermore, this method cannot achieve good exposure
of ECJ and has not been used in the excision of tumors on the
posterior wall near ECJ. Sekimoto et al.[20] reported that
intraluminal resection of the full thickness of posterior gastric
wall lesion was performed to manage submucosal tumors on
the posterior wall of gastric fundus near ECJ. In this study,
balloon-tip trocars were inserted directly into the gastric lumen
and gas was charged into the stomach through the trocars,
then wedge resection of the posterior wall tumor was completed
under direct vision with Endo GIA. The authors believe that
the procedure has fewer traumas to patients and less opportunity
of intraperitoneal contamination by gastric juice than
gastrotomy on the anterior gastric wall. ECJ was always in the
surgeon’s sight, so the distance between the resection line
and ECJ could be continously monitored, which means less
morbidity of postoperative esophageal stenosis. However, we
think that the above two methods have the same disadvantage

of a limited range of resection and a higher incidence of spleen
injury in that the short gastric vessels were not cut and especially
that the superior pole of the spleen was not completely divided
from gastric fundus. Moreover, care must be taken that the
lateral tension to the gastric wall from gas inflation cannot be
excessive, otherwise, injury of splenic capsule or gastric wall
laceration might occur[15-18,20].
     In order to solve these problems, we proposed a new
laparoscopic approach to surgical resection of submucosal
tumors on the posterior wall of gastric fundus. In this technique,
the omentum is dissected to get access to the omental bursa.
So, the splenogastric ligament could be severed to completely
dissect the gastric fundus away from the superior pole of spleen.
Then the left side of cardiac orifice is dissected to expose ECJ,
and the gastric fundus is resected with the Endo GIA. Through
these measures, the newly designed approach, laparoscopically
extraluminal resection of gastric fundus, could avoid
intraperitoneal contamination, the spleen injury and the
postoperative esophagus stenosis. Meanwhile, it could also
provide a sufficient range of gastric resection. The main
disadvantage is the increased steps required. However, with
necessary training and skills in the laparoscopic surgery, the
procedure can be accomplished not quite both difficult and
time consuming. The average operation time in our series was
only 66.2±10.4 min. The procedure, we think, is both safe and
effective in that the ECJ and the superior pole of spleen are
under the continuous supervision of the operator when
resecting the gastric fundus, and that the procedure can provide
a more sufficient range of resection.
       When the laparoscopically extraluminal resection of gastric
fundus is performed, two key points must be stressed. One is
that the interspace between gastric fundus and superior pole
of spleen must be adequately dissected. The other is that when
Endo GIA is placed near the cardia, special care must be taken
to ensure that ECJ is not involved. So long as the above key
points are fulfilled, our method is safe, easy and beneficial to
the laparoscopic resection of submucosal tumors on the
posterior wall of gastric fundus.
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Abstract

AIM: Living related liver transplantation (LRLT) has been
developed in response to the paediatric organ donor shortage.
Though it has been succeeded in many centers worldwide,
the safety of the donor is still a major concern, especially
in donors with anatomy variation. We succeeded in performing
the first two cases of living related liver transplantation
with complicated anatomy of blood vessels as a way to
overcome cadaveric organ shortage in Beijing.

METHODS: Two patients, with congenital liver fibrosis and
congenital biliary atresia were performed with living donor
liver transplantation in our hospital and then followed up
from November 12 to December 13, 2001. The two living
donors, mother and father, were healthy aged 34 and 35
years. One right lobe (segment V, VI, VII, VIII) and one
left lateral lobe (segment II and III) were used. The grafts
weighed 394 g and 300 g. The ratio of graft weight to the
standard liver volume (SLV) of donors was 68% and 27%.
The graft weight to recipient body weight ratio was 3.2%
and 4.4%. The graft weight to recipient estimated standard
liver mass (ESLM) ratio was 63% and 85%. The two donors
had complicated blood vessel variation.

RESULTS: Two patients undergone living donor liver
transplantation had good results. Abnormal liver function
with high bilirubin level appeared in a few days after
operation, but liver function returned to normal one month
after operation with bilirubin level almost decreased to
near normal. No bleeding, thrombosis, infection and bile
leakage occurred. One had an acute rejection and recovered.
The two donors recovered in two weeks. One had slight
fever because of a little collection in abdomen and recovered
after paracentesis and drainage.

CONCLUSION: Living donor liver transplantation has been
proved to be a good way that offers a unique opportunity
of getting a timely liver graft as a response to shortage of
pediatric donors, though it could be a technically difficult
operation if there is anatomical variation.

Wu WH, Wan YL, Lee L, Yang YM, Huang YT, Chen CL, Fan
ST. First two cases of living related liver transplantation with
complicated anatomy of blood vessels in Beijing. World J
Gastroenterol  2004; 10(19): 2854-2858
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INTRODUCTION
Orthotopic liver transplantation is an effective therapy for end-
stage liver disease and has been proved to be a major advance
in the treatment of children with liver disease. But the
development of liver transplantation in infants and young
children has been hampered by the shortage of donors, especially
the scarcity of size-matched donors. Though reduced-size liver
transplantation (RLT) was used in some centers, it does not
expand the pool of potential donors and the mortality rate of
recipients on the waiting list has remained high.
      From November 12 to December 13 of 2001, the first two
cases of living related liver transplantation in Beijing were
successfully performed in our hospital. The donors were mother
and father. The recipients were their 12-year-old and 31-month-
old daughters. The donors and recipients all recovered about
two months after operation. These two cases indicate the
potential benefit of living related liver transplantation in Beijing.

MATERIALS AND METHODS
Patients
Between November 12 and December 13 of 2001, living related
liver transplantation was successfully performed on two cases
in the First Hospital, Peking University. They were two girls.
Underlying diseases were congenital liver fibrosis and
congenital biliary atresia.

Donor selection and evaluation
The living donors were mother and father with ABO identical
blood group to the patients. There was no biochemical or
serologic evidence of liver disease. Computerized tomography
(CT) with volumetric measurement was performed to assess
the volume of the right lobe and the left lateral lobe in order to
determine the graft to be harvested. Angiographies to assess
the vascular anatomy were performed in both donors. We found
that both donors had blood vessel variations. In donor 1, the
right hepatic artery (RHA) was from the superior mesenteric
artery (SMA) (Figure 1A). The two branches of right portal
veins (anterior and posterior right portal vein, ARPV and PRPV)
of the mother were combined to the left portal veins (LPV)
separately inside the liver parenchyma, no common trunk of
right portal vein was found (Figure 1B). In donor 2, the left
hepatic artery was derived from the right anterior hepatic artery,
which was nearly inside the liver parenchyma (Figure 1C).

Donor operation
Laparotomy was performed via bilateral subcostal incision with
an upward midline extension to the xiphoid process.
Cholecystectomy was performed and the cystic duct was
cannulated for cholangiography using undiluted radiographic
contrast in order to delineate the ductal anatomy.
     In donor 1, the cholangiography showed that it had the
similar variation to the portal vein, the two branches of right
bile ducts (anterior and posterior right bile ducts, ARBD and
PRBD) of the mother were combined to the left bile duct
separately which were inside the liver parenchyma (Figure 2).
     Intraoperative ultrasonography was then performed to



determine the configuration of the right hepatic vein, the
junction of the middle hepatic vein with the left hepatic vein
and to mark on the liver surface the position of the middle
hepatic vein, which would be the liver transection plane. No
right inferior hepatic veins were found in these two donors.
The transection line was determined by the optimal graft volume
and the anatomy of its drainage veins. The entire drainage area
of the right and left hepatic veins were also identified by intra-
operative ultrasonography. All of the right and left hepatic
venous branches were traced to the periphery in the medial
segment and marked with electrocautery on the liver surface.
Hilar dissection was performed to free the right hepatic artery
and portal vein. Branches of the right and left portal veins
supplying the caudate process were divided and ligated.
      In donor 1, dissection of the right portal veins (ARPV and
PRPV) and the right hepatic ducts (ARBD and PRBD) was not
made until the liver was transected, because they were inside
the liver parenchyma due to anatomical variation. Parenchymal
transection was performed by intraoperative ultrasonography
with an ultrasonic dissector without vascular occlusion. The
right hepatic ducts (the anterior and posterior ducts) were
divided near the confluence of the bile ducts. The defect on the
left hepatic duct was closed with 5-0 PDS monofilament
absorbable sutures. After mobilization of the right liver, the
right portal veins (the anterior and posterior veins), the right
hepatic artery (from superior mesenteric artery) and vein were
clamped at the junction with the main trunks and divided. At
the back table, the graft was immersed in ice sludge and flushed
with University of Wisconsin (UW) solution through the right
portal venous cannula. The stumps of the right hepatic artery,
the right hepatic vein and portal vein on the donor liver remnant
were sutured.
      In donor 2, The left hepatic artery, portal vein and hepatic
vein were freed and hepatic parenchymal transection was
accomplished using an ultrasonic dissector without vascular
occlusion. Because the left hepatic artery was from the anterior
right hepatic artery, the dissection of the left hepatic artery was
partly inside the liver parenchyma when the liver transection
was finished. The left duct was divided close to the cut surface
of the liver, with an intact Glissonian sheath. The left hepatic
duct was divided near the confluence of the bile ducts. The
isolated graft was perfused in situ with the left portal vein clamped
and cannulated by a catheter connected with cold lactated
Ringer’s solution followed by a cold UW solution, when the left
hepatic vein was opened.

Recipient operation
The abdomen was entered through a bilateral subcostal incision
with midline extension. Hilar dissection was performed to
isolate and divide branches of the hepatic artery and portal
vein. Then, total hepatectomy was performed with the inferior

vena cava preserved.
     In recipient 1, the graft right hepatic vein (RHV-D) was
anastomosed end-to-end to the recipient right hepatic vein
(RHV-R). The graft anterior right portal vein (ARPV-D) was
anastomosed end-to-end to the recipient left portal vein (LPV-R)
and the graft posterior right portal vein (PRPV-D) was
anastomosed end-to-end to the recipient right portal vein (RPV-R).
The similar method was used to reconstruct the bile duct without
stenting after the hepatic artery anastomosis (Figure 3).

Figure 2  Chlangiography of the donor 1 Two branches of
right bile duct (anterior and posterior right bile ductS, ARBD
and PRBD) of the mother.

Figure 3  End-to-end anastomosis of the graft right hepatic
vein (RHV-D) to the recipient right hepatic vein (RHV-R).

      In recipient 2, the graft left hepatic vein was anastomosed
end-to-end to the confluence of the recipient left and middle
hepatic veins. The graft left portal vein was anastomosed end-
to-end to the truncated bifurcation of the recipient portal vein.
The left hepatic duct was anastomosed to the Roux-en-Y limb
of jejunum with an internal stent after the hepatic artery
anastomosis.
     The hepatic artery of the graft was anastomosed to the
recipient hepatic artery using microvascular techniques.

Figure 1  Angiography of the donors. A: Right hepatic artery (RHA) from superior mesenteric artery (SMA). B: Two branches of
right portal veins (anterior and posterior right portal veins, ARPV and PRPV) of the mother. C: Left hepatic artery (LHA) derived
from right anterior hepatic artery (RAHA).
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Postoperative immunosuppression
Induction and maintenance immunosuppressive therapy
consisted of a triple-drug regimen of steroid, cyclosporine A,
and azathioprine. Acute rejection episode suspected on clinical
and biochemical features and confirmed by percutaneous liver
biopsy, was treated by intravenous bolus of methyl-predimetholone.

RESULTS
There was no operative mortality in the two living donors. One
donor had postoperative complication of abdominal collection
about two weeks after operation and recovered by percutaneous
drainage about three weeks afteroperation. Blood losses during
the donor operations were 150 mL and 70 mL respectively, and
no blood transfusion was required in these two donor operations.
Blood losses during the recipient operations were 50 mL and
100 mL respectively, and recipient 2 received 200 mL blood
transfusion in the operation. The first warm ischaemia time of
the grafts was 30 s and almost 0 s. The cold ischaemia time of
the grafts was 120 min and 180 min. The second warm ischaemia
time of the graft was 40 min and 50 min. The portal and arterial
reperfusion interval time was 70 min and 90 min.

Table 1  Laboratory findings of donor 1

Content             Pre-    1 d post-    3 d post-   7 d post-   14 d post-
       operation operation   operation   operation   operation

ALT (IU/L)    12     372          110      48            45
AST (IU/L)       9     404          105      43            40
TBIL (ug/L)    10.5       80.2           32.5        7.4              8.2
DBIL (ug/L)        3.8       37.5             4        3.94  2.1
PTA (%)    78.0       32.0           29.0      56.0            72.0

Table 2  Laboratory findings of donor 2

Content             Pre-     1 d post-   3 d post-   7 d post-   14 d post-
         operation  operation  operation  operation   operation

ALT (IU/L)    37      816           305      42
AST (IU/L)    30      817             58      37
TBIL (ug/L)      7.7      21.8              9.7        5.0
DBIL (ug/L)      3.5        3.24            2.3        0.78
PTA (%)    82    127          151    127

      The weight of grafts was 394 g and 300 g, respectively. The
ratio of graft weight to the standard liver volume (SLV) of donor

was 68% and 27%, respectively. The graft weight to recipient
body weight ratio was 3.2% and 4.4% respectively, and the
graft weight to recipient estimated standard liver mass (ESLM)
was 63% and 85%.
      The duration of postoperative hospital stay of the donors
was 7 d and 21 d. Most laboratory profiles returned to normal
about two weeks after operation. The two donors had normal
liver function and were able to return to their preoperative
activities 3 mo after the operation.
       Both patient and graft survived well 3 mo after operation. No
postoperative complication occurred in recipient 1. Recipient 2
had an attack of acute rejection one week after the operation,
and recovered after bolus treatment of methylprednisolone (1 g
methylprednisolone per day for three days, iv).
       Data on the postoperative serum total bilirubin (TBIL), direct
bilirubin (DBIL), alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and prothrombin activities (PTA) are
shown in Tables 1-4.

DISCUSSION
The well-known inverse relationship between the availability
of cadaveric pediatric organs and the epidemiology of pediatric
liver disease has resulted in a substantial mortality rate among
children on the waiting list[1,2].  Although RLT could alleviate
the shortage of small donor organs, it did not expand the pool
of potential donors, but induced a shift of grafts from a limited
pool of adult cadaveric donors to pediatric recipients[3]. The
use of liver donors has providesd a means for increasing the
overall supply of livers[4,5].
     Though liver consists of paired structures anatomically, safe
separation of liver into its right and left halves requires
considerable experience[6,7]. Fan et al.[14] identified the reasons
for unsatisfactory outcomes such as the presence of necrotic
tissue on the liver transection surface, inadequate hepatic
venous drainage, missed right posterior hepatic duct, and more
than one right hepatic duct orifice on the graft.All these made its
reconstruction difficult[8]. We followed the procedure “living
donor liver transplantation using right lobe graft” by preferring
the division of liver parenchyma along the Cantlie line[9]. To
define the Cantlie line, we used the middle hepatic vein as a
reference by using the intraoperative ultrasonogram[10,11]. To
reduce the bleeding in the operation, we also decreased the central
venous pressure to about 5 cm H2O[12].
     The blood supply to the hepatic duct is dependent on a
peribiliary plexus[13]. In the harvesting of the right or the left

Table 3  Laboratory findings of recipient 1

Content       Pre-           1 d post-         3 d post-           7 d post-        14 d post-        21 d post-          28 d post-
 operation           operation         operation         operation         operation         operation          operation

ALT (IU/L)     40    372            189            103   80 24 28

AST (IU/L)     44    418 78 53   19 17 22

TBIL (ug/L)     17.4      73.4 63.3 80.6   58.6 53.6 23.8

DBIL (ug/L)       5.0      45.28 30.6 46.6   30.2 26.6   6.6

PTA (%)     89      18 31 43   41 73 81

Table 4  Laboratory findings of recipient 2

Content       Pre-           1 d post-         3 d post-           7 d post-        14 d post-        21 d post-          28 d post-
 operation           operation         operation         operation         operation         operation          operation

ALT (IU/L)     105 1 054           1 397 496 185 47 42

AST (IU/L)     250 3 028 414 107   70 35 31

TBIL (ug/L)     480.4      87.7 209.3 216.2 205.4 96.7 44.2

DBIL (ug/L)     373.8      44.79 124.4 178.1 161.1 82.1 30.7

PTA (%)       92         7   16   58   72 76 78
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lobe graft, the blood supply is mainly from tiny arterial arcades
from the right or the left portion of the caudate lobe[13]. So, the
liver tissue cranial to the hepatic duct was cleared by ultrasonic
dissector down to the caudate process and care was taken to
avoid thinning the wall of the hepatic duct with ultrasonic
dissector. We also noticed to maintain the blood pressure stable
in the operation because hypotensive episodes would render
the hepatic duct stump vulnerable to ischemia and necrosis[14].
     In our group, the two donors had complicated anatomy
variation. In donor 1, ARPV and PRPV were parallelly combined
to the left portal vein, which were inside the liver parenchyma, no
common trunk of right portal vein was found in extraparenchyma
of the liver. The right hepatic duct had the similar anatomical
variation with two parallel branches. This was rare in our past
experiences and made the operation quite complicated. A series
of 990-arterioportographic studies and 3 000-endoscopic
retrograde cholangio-pancreatic-graphic studies of the liver
showed that the incidence of this kind of portal vein variation and
hepatic bile duct variation was 0.15% and 5.08%, respectively[15-17].
When we tried to expose the ARPV and PRPV, we did not
follow the main trunk of portal vein from the hilum, but dissected
the hepatic parenchyma with intraoperative ultrasonography
by an ultrasonic dissector without vascular occlusion in
combination with hilar dissection to free the ARPV and PRPV[11].
Dissection of right hepatic ducts was not carried out until the liver
was transected. Chen et al.[4] reported that 83.33% intrahepatic
ducts had the similar anatomy variation as the portal veins[18]. We
paid more attention to intraoperative cholangiography and
certified the similar anatomical variation in our group. We
performed the same procedure to finish the dissection of anterior
right hepatic duct and posterior right hepatic vein[19,20].
       In donor 2, angiographic study showed that the left hepatic
artery was from the anterior right hepatic artery. To avoid
ischemia due to excessive hepatic artery dissection, which might
cause biliary stricture or leakage[21], we dissected the left hepatic
artery just on the left side of the common hepatic duct and
carefully preserved the posterior right hepatic artery from the
left side of the left hepatic artery. We also performed a little
dissection in liver parenchyma with an ultrasonic dissector to
get enough length of left hepatic artery for anastomosis[4]. It is
important not to isolate the left hepatic artery too far into the
left side of the liver parenchyma to avoid devascularization of
the left hepatic duct[22].
     Since these are the first two cases of living related liver
transplantation in Beijing, ethical issues need to be considered
when one contemplates liver transplantation from parent to
child. These issues are similar to those associated with the
transplantation of renal grafts from living related donors[23].
With the experience in liver resection, we conclude that the
surgical risk is low enough to be acceptable for a parent or
other close relatives if they volunteer to be an organ donor.
Sure, it is an ethical dilemma of subjecting a healthy person to
major hepatic resection to obtain a graft for a patient with end-
stage liver disease[24-26]. We all agree with the congsensus that
living-donor liver transplantation is not justified when there
are sufficient cadaveric donors. However, the procedure could
be justified for a patient with fulminant hepatic failure when no
cadaver donor was available and when the recipient had a
reasonable chance of a successful outcome[27].
      The success of these first two cases has led to the acceptance
of living related liver transplantation (LRLT) for clinical
application in our center. With the excellent results in many
centers and our present study[28,29], we consider that LRLT
should be a good way for the care of patients with end-stage
liver diseases or fulminant liver failure, particular in countries
where cadaveric organ donation is limited or not available[30,31].
Though it might be very difficult technically, we should not
give it up when we consider safety of the donor as our absolute

priority first.
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Abstract

AIM: Pelvic magnetic resonance imaging (MRI) and endoanal
ultrasound which are established imaging methods for
perianal inflammatory lesions in patients with Crohn’s
disease require expensive specialized equipments and
expertise. We investigated the feasibility and sensitivity of
transcutaneous perianal ultrasound (PAUS) using regular
ultrasound probes in the imaging of perianal inflammatory
lesions. The sonographic findings were correlated to pelvic
MRI-scans.

METHODS: We performed PAUS in 25 patients with Crohn’s
disease and clinical signs of perianal inflammatory disease.
Within a median of 10 d (range 0-75) these patients underwent
MRI of the pelvis. Regular convex and linear high resolution
probes were used for PAUS. The sonographic findings were
correlated to the MRI findings by blinded investigators.

RESULTS: The sonographic investigations were well
tolerated by all patients. Fistulae typically presented as
hypoechoic tracks. Twenty-nine fistulae were detected in
22 patients. Abscesses were detected in 7 patients and
presented as hypo- or anechoic formations. Twenty-six of
29 fistulae and 6 of 7 abscesses could be confirmed by
MRI. Kappa statistics showed an excellent agreement
(kappa>0.83) between the two imaging methods.

CONCLUSION: PAUS is a simple, painless, feasible, real-
time method that can be performed without specific patient
preparation which is comparable in its sensitivity to pelvic
MRI in the detection of perianal fistulae and/or abscesses.
PAUS can especially be recommended as a screening tool
in acute perianal disorders such as perianal abscess and
for follow-up studies of perianal inflammatory disease.
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INTRODUCTION
Perianal disease is a common complication in Crohn’s disease.
Approximately 20% of patients with Crohn’s disease would
suffer from perianal fistulae and/or sinus tracks[1,2]. The
diagnosis and treatment of perianal fistulae can be difficult
and represent a challenge for physicians. Treatment modalities
include conservative as well as surgical approaches. Therefore
comprehensive imaging is necessary in order to develop adequate
treatment strategies and to evaluate treatment outcomes[3].
Endoanal ultrasound (EAUS) as well as MRI of the pelvis are
frequently used for imaging of perianal fistulae, sinus tracks or
abscesses. The combination of MRI and EAUS is capable of
detecting perianal fistulae with a sensitivity of 100%[4,5]. Recent
studies for the medical treatment of perianal disease used either
MRI of the pelvis or transanal ultrasound as a follow-up tool to
evaluate the therapy outcomes after infliximab treatment[6-8].
      However, both imaging methods require specialized and
fairly expensive equipments as well as an experienced investigator.
The use of a rigid EAUS probe can be painful or even impossible
in patients with inflammatory perianal disease due to anal
stenosis. Furthermore, EAUS does not allow the assessment
of pathological changes extending to the gluteal region. MRI
allows the evaluation of the whole pelvic region, however, it
lacks the real time capacity of ultrasound and the high resolution
of high frequency linear ultrasound probes.
     Transcutaneous perineal/perianal ultrasound (PAUS)
represents another method to detect perianal inflammatory
disease which can be performed using regular ultrasound probes
without special patient preparation. Furthermore, it can be used
in patients with anal stenosis. However, despite its methodical
simplicity, PAUS is not yet widely used in the detection of
perianal fistulae and/or abscesses. Several investigators have
applied perineal ultrasound in female patients for diagnosis of
incontinence including postpartum anal sphincter tears[9-15].
These investigations were regularly performed in the lithotomy
position and supplemented or compared with transvaginal or
transrectal ultrasound. Rubens et al.[16] described PAUS as a
valuable tool to image perianal inflammatory disease in their
pictorial essay, while Stewart et al.[17] recently described PAUS
using a combination of transvaginal and transperineal
ultrasound in female and transperineal ultrasound in male
patients to detect perianal fistulas and abscesses. Beside a
linear probe, Parks et al.[18] used a transvaginal probe for the
PAUS to take advantage of its small footprints and they were
able to classify fistulae according to the Parks classification. In
their recent published study Mallouhi et al.[19] showed a
high correlation of perineal ultrasound findings and surgical
examination. However, as Mallouhi et al.[19] pointed out correctly
surgical exploration in some cases, might not allow the detection
of every perianal fistula. Despite the obvious advantages of
perianal/perineal ultrasound no studies exist so far that compared
the effectiveness of PAUS with the established imaging methods
such as MRI and/or EAUS. Therefore, we investigated patients
with clinical signs of perianal fistulae or abscesses using PAUS
and compared the detected pathology with results of MRI scans
of the pelvis as the gold standard. Also, we performed follow-up
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studies in certain patients to monitor the treatment effectiveness.

MATERIALS AND METHODS
Patients were recruited either from the inflammatory bowel disease
outpatient clinic or from the gastroenterology wards of our
institution. Ultrasound examinations were performed in 25
patients (17 females, 8 males) with a mean age of 36.2±2.5 years.
All patients had prediagnosed Crohn’s disease confirmed by
biopsy and presented with complaints suspicious of perianal
disease. No specific preparations of the patients such as
enemas were performed. Either a Toshiba Aplio (3.3 Mhz
[Tissue Harmonic Imaging, THI] and 12 Mhz transducer), a
Toshiba Powervision (6 Mhz and 12 Mhz transducer, Toshiba,
Neuss, Germany) or a Siemens Elegra (3.75 [THI] and 9 Mhz
transducer, Siemens, Erlangen, Germany) was used depending
on availability for the ultrasound examination. Colour Doppler
ultrasound was applicable with all probes. The ultrasound
probe was covered with contact gel, and introduced into a
regular latex examination glove with the fingers of the glove
tied up in knots for hygienic reasons (Figure 1A). For sufficient
contact, contact gel was spread on the outside of the glove
before the examination was performed. PAUS was performed
with the patient in the left lateral position by placing the probe
directly above the anus in the sagittal plane (Figure 1B). For
better orientation, the examination was started with a convex
transducer identifying bladder, rectum and prostate/vagina
(Figure 2). Details and pathological findings were imaged and
further investigated using the linear high resolution probes.
The maximal penetration for good visualisation using linear
transducers was 6 cm. Depending on the specific findings the
probe was turned or shifted in the perianal area. The probe was
placed above any pathological opening. Colour Doppler was
used to distinguish blood vessels from other anechoic/
hypoechoic lesions such as fistulae. All ultrasound examinations
were checked by either J.S.B. or M.J.G. who both held the
highest DEGUM (German society for ultrasound in medicine)
ultrasound certificates (DEGUM III, Seminarleiter). Colour
Doppler ultrasound was applicable with all probes. Fistulae
were catagorized as superficial, intersphincteric, transsphincteric
suprasphincteric, extrasphincteric, recto-vaginal fistulae
and/or abscesses.
       Within a median of 10 d (range 0-75) the patients were also
examined by pelvic MRI. MRI was performed to identify
inflammatory changes, abscess formations and fistulae. A 1.5
Tesla MR scanner (GE Signa Horizon Echospeed, Milwaukee,
Wisconsin) was used. A phased array surface coil was placed
on the pelvis. Transverse and sagittal T1-spin echo (T1SE),
fat-saturated T2-fast spin echo (fsT2FSE) sequences were
applied. Also, transverse and oblique coronal (angulated
adjacent to the anal canal) T2FSE sequences without fat
saturation were applied in order to detect fistulous tracks. Either
respiratory compensation or respiratory trigger was used to
avoid artefacts from respiratory motion. After intravenous
gadolinium administration (0.1 mmol/kg Gd-DTPA, Magnevist,
Schering, Berlin, Germany) transverse and oblique coronal fat-
saturated T1-spin echo (fsT1SEpostGd) sequences were
performed. Raised signal intensity in the T2-weighted images
and an increased uptake of Gd-DTPA served as markers for
active inflammatory changes, whereas low signal intensity
bands distorting normal fibrofatty tissue in both T1 and T2
weighted  images were considered to be fibrous scarring. The
results were reviewed by two radiologists in consensus reading.
The investigators of either method were not aware of the results
generated by the other.
       Results were compared by calculating the kappa coefficient
according to Cohen.

RESULTS
General Images
PAUS was well tolerated in all patients. In cases of subcutaneous
perianal abscesses or significant inflammatory changes, slight
local pain was reported during the examination when pressure
was applied with the ultrasound probe. Two patients who had
a history of significant anal stenosis and repeated surgical anal
dilations were included in the study and evaluated with PAUS,
because endoanal ultrasound could not be performed in these cases.
      A general view was achieved using a regular convex probe
(as listed in the Materials and Methods section) that showed
rectum, bladder, prostate gland and urethra or vagina and uterus
(Figure 2). Small intestinal bowel loops could be shown as well
as pathological pelvic intraabdominal fluid collections.
However, for comprehensive imaging of perianal inflammatory
disease, a high frequency linear probe provided a much more
detailed imaging. The penetration that could be achieved using
a linear transducer (as listed in Materials and Methods) was
sufficient to detect most of the perianal inflammatory changes.
The anal canal presented as an anechoic area (Figure 3A,B).
The external anal sphincter presented with hyperechoic striped
bands while the internal sphincter had a homogenic hypoechoic
texture (Figure 3B).
      Pathological findings were detected in 96% (24/25) of the
patients examined with PAUS. Pathological findings included
entero-cutaneous perianal fistulae, sinus tracts without
cutaneous openings, bifurcated complex perianal fistulae,
perianal or subcutaneous abscesses, rectovaginal fistulae and
inflammatory remnants post perianal abscess.

Fistulas
In 88% (22/25) of patients investigated, fistulae and/or sinus
tracts could be visualized by PAUS. A total of 29 fistulae were
detected. Fistulae and sinus tracks presented as hypo/anechoic
tracks. Figure 3 shows typical PAUS images of entero-
cutaneous perianal fistulae. Regularly small hyperechoic dots
could be detected representing air bubbles within the fistulous
tracks. In 45% (10/22) of the fistulae, it was possible to trace
small hyperechoic dots which would move within the fistulae
and therefore enabling the investigator to detect even minor
fistulous tracks indicating active fistulae.
        MRI confirmed 90% (26/29) fistulae in 91% (20/22) of these
patients. All fistulae detected by MRI were also detected by
PAUS. The kappa coefficient for fistulae was calculated as 0.83
resembling an excellent agreement. In two patients both methods
described incomplete fistulae (sinus tracks with no visible
cutaneous opening). Figure 4 shows a perianal enterocutaneous
fistula imaged by PAUS and MRI.
      As PAUS included inspection of the anoderm, cutaneous
openings of fistulae could easily be detected. In two cases
MRI was not able to confirm perianal fistulae that were detected
by PAUS. However, discharge from a cutaneous opening proved
the presence of a perianal fistula in both of these cases, which
could be visualized with PAUS. Both of these fistulae were
short intersphincteric fistulae of type 1 according to the Parks
classification[18]. In one of these cases the fistula described in
PAUS could be detected in a repeat MRI performed using a
vaginal tampon for better anatomical differentiation. However,
the investigators were aware of the findings made in the PAUS
in this second examination.
       Follow-up PAUS investigations were performed in 8 of the
25 patients. Improvement under therapy was noted in 4 cases,
no change in 2 cases and progressive disease in 2 patients.
The sonographical improvement was consistent with clinical
findings. In one case follow-up MRI was performed confirming
the PAUS findings as both imaging methods described an
abscess within the fistulous track.



Figure 1  A regular latex examination glove filled with ultra-
sound contact gel was used to cover the probes for hygienic
reasons (A). The examinations were performed in the left lat-
eral position with the probe placed above the anus (B).

Figure 2  A general overview over perianal anatomy and pa-
thology can be obtained using a regular convex 3.5 Mhz probe.

Figure 3  Perianal imaging of entero-cutaneous fistulae using a
10 MHz ultrasound probe. Hyperechoic dots resemble air
bubbles within the fistulous track. The rectum represents as
hypo- anechoic structure. External and internal anal sphincter
can be distinguished.

Recto-vaginal fistulae
PAUS was able to visualize rectovaginal fistulae in 3 cases.

MRI confirmed recto-vaginal fistulae in two of the three cases.
In the remaining case MRI showed a fistula from the sigmoid
colon to the vagina, in contrast, PAUS described a recto-vaginal
fistula. While gynaecological examination did not confirm the
presence of any fistula, drainage of blue stain into the vagina
after the introduction of a methylene blue soaked swab into the
rectum finally proved the presence of a recto-vaginal fistula as
was described by PAUS. The sigmoid-vaginal fistula was not
detected in the PAUS examination.

Figure 4  Enterocutaneous fistula detected with PAUS (A) was
confirmed using MRI (oblique coronary T2-FSE sequence with-
out fat saturation) (B).

Figure 5  Typical appearance of a pararectal abscess, dorsal of
the rectum. Furthermore a sinus track could be detected that
perforated the external sphincter and ceased in multiple small
sinus tracks that did not have a cutaneous opening.

Abscesses
Perianal fluid collections/abscesses were detected by PAUS in
28% (7/25) of the patients. Abscesses presented as oval shaped
hypo- to anechoic masses which were demarcated off the regular
tissue by a hypoechoic seam (Figure 5). In 5 cases a direct
association of a fistulous and/or sinus track to the abscess
formation could be demonstrated. Figure 5 shows a perianal
sonographic scan of a male patient that presented to our
outpatient clinic with severe perianal discomfort. While inspection
and digital examination of the anus were inconspicuous, the
transcutaneous perianal ultrasound examination revealed
hypoechoic fluid collections dorsal of the rectum in this
patient. The abscess shown in Figure 5 had a fistulous track
connecting the rectum and a complex intrasphincteric fistulous
system. In 6 cases fluid collections could be confirmed using
MRI, and no fluid collection detected in MRI was missed by
PAUS. In one case MRI could not confirm a fluid collection.
However the two examinations were performed at an interval
of 23 d. The smallest abscess detected in PAUS measured
14 mm×12 mm× 8 mm. In three of the cases with significant,
drainable abscesses examination under anaesthesia (EUA) could
confirm PAUS/MRI findings.
       Figure 6 shows an example of a perianal abscess as imaged
by PAUS and MRI. Clinical inspection of the anal region did
not show any abnormalities in this patient. However anal
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discharge upon digital examination was observed and further
imaging was initiated. Both PAUS and MRI showed a significant
fluid collection with a diameter of approximately 4.5 cm. In
contrast to MRI, PAUS detected a fistulous connection to the
rectum. In addition to the abscess, a sinus track was detected
that emanated from the abscess, and ended within the gluteal
fat. The sinus tract could clearly be visualized by both methods
(Figure 6). Interestingly, EUA failed to reproduce the pathological
findings in the first place and had to be repeated to confirm the
PAUS/MRI findings and to achieve appropriate drainage of
the abscess. In Figure 7 a small subcutaneous abscess was
imaged by PAUS and MRI. Both methods were able to show an
active fistulous track reaching from the rectum to the
subcutaneous fluid collection.

Figure 6  PAUS (A+B) and MRI (C+D) imaging (coronary fat-
saturated T1-SE sequence after gadolinium administration) of
a perianal abscess. In contrast to MRI, PAUS was able to clearly
identify a connection between the rectum and the abscess
(A+C). Both methods could identify a sinus track that began
within the abscess and ended in the gluteal fat (B+D). A scale
(cm) is shown on the left side of the PAUS images for orientation.

Figure 7  Comparison of PAUS (A) and MRI (B) imaging
(transverse T1-SE sequence) of a subcutaneous abscess. A small
fistula from the rectum to the abscess could be detected with
PAUS and MRI.

DISCUSSION
In this study we investigated the feasibility of transcutaneous
PAUS for the evaluation of perianal inflammatory disorders in
patients with Crohn´s disease.
      We showed that perianal fistulae, complex fistulous systems
as well as perianal abscesses could be detected with high sensitivity
using PAUS. The results were comparable to pelvic MRI that

currently represents in combination with EAUS, the gold
standard for the imaging of perianal inflammatory disease.
However, PAUS still has certain limitations when performed in
the left lateral position compared to EAUS and MRI. The
localization of fistulae within the sphincter apparatus is important
when surgical interventions are indicated. While imaging of
the internal anal sphincter is difficult using PAUS, the external
sphincter can be clearly distinguished due to its hyperechoic
striped appearance. In terms of impact on treatment, the definite
description of the anatomical relationship of pathological
changes to the external anal sphincter according to the Parks
classification is most important[18]. Still, accurate localization of
pathological changes to the internal/external sphincter requires
an experienced investigator.
       Despite the limitations stated above, we believe that PAUS
has several advantages compared to EAUS and MRI. PAUS is
as effective as MRI in the detection of perianal fistulae, but the
detection of air bubbles within a fistulous track can clearly
indicate active fistulae. Real time imaging in sonography is an
advantage that can be helpful in detecting possible connection
to the rectal lumen. In two cases investigated by MRI and
PAUS, MRI was not able to detect a short perianal fistulae, while
the cutaneous openings of the fistulae were obvious on clinical
inspection. While EAUS is limited to pathological changes
associated to the rectal lumen, perianal ultrasound can be used
to identify fistulous tracks in the gluteal region. PAUS therefore
combines the high resolution and real time capabilities of EAUS
and the panoramic view generated by MRI.
      The presence of perianal abscesses is an important condition
for surgical interventions in patients with perianal Crohn´s
disease. Abscesses were detected by PAUS with the same
sensitivity as by MRI. PAUS therefore is a valuable tool in the
screening for perianal disease. Especially when immediate action
is necessary and sophisticated diagnostic imaging could delay
diagnosis due to limited availability, PAUS might be a feasible
alternative to EAUS and MRI. For example, we were able to
detect perianal abscesses in two patients that presented with
severe perianal discomfort using PAUS. These patients did not
have a history of perianal inflammatory disease and neither
inspection of the anus nor digital rectal examination revealed
pathological findings. These two patients underwent immediate
surgical drainage of their abscesses without further imaging
and therefore had to be excluded from this study. Vice versa a
perianal abscess was suspected in a patient that presented
with a painful perianal swelling with typical redness and
induration. An abscess was ruled out using PAUS and the
patient was spared a surgical intervention and had complete
remission of symptoms. Again no further imaging was performed
in this patient. In the future, a mobile application of PAUS in
the operating room to guide drainage operations is conceivable.
This, however, has not been tested in this study yet.
      With more advanced imaging techniques in medicine, the
costs of diagnosis and treatment have become a serious and
important issue. Especially in chronic diseases, such as Crohn´s
disease which require regular examination for follow-up and
treatment-evaluation alternative, easily available methods to
EAUS and MRI as rather expensive diagnostic tools are more
than welcome. We believe that PAUS represents such an
alternative for it can be performed with regular ultrasound
probes and is therefore widely available. It is fast and does not
require special patient preparations such as enemas or injection
of contrast agents. Basically it can be performed in any
outpatient radiology or internal medicine practice. Depending
on on-site experience additional imaging of perianal disease
with EAUS or MRI might be necessary. However, after initial
comparison with the established methods, follow-up can easily
be performed with PAUS alone. In follow-up studies the
application of more sophisticated imaging methods such as
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EAUS or MRI would then be limited to investigate significant
clinical changes not detectable by the transcutaneous
approach.
     In general PAUS was well tolerated by our patients. As a
matter of fact one of the reasons to perform this study was that
several patients refused diagnosis with EAUS. As perianal
inflammatory disease can result in fibrosis and consecutive
anal stenosis, EAUS might not be applicable at all in some
patients.
     The use of contrast agents such as hydrogen peroxide or
Levovist might improve the imaging quality of perianal
ultrasound[20-23]. However, the main goal of this study was to
determine whether a simple alternative approach was helpful in
the imaging of perianal disorders.
     We would like to encourage the readers of this article who
perform EAUS to employ PAUS using regular ultrasound
probes. Since PAUS has been established in our department,
the use of EAUS for inflammatory disease has been drastically
reduced and is now limited to very few cases that can not be
clarified with PAUS and/or MRI.
      In conclusion, PAUS represents a sensitive, non-invasive
tool that can be used for initial screening and follow-up in the
detection of perianal inflammatory disease.
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Abstract

AIM: To evaluate the clinical value of plasma apolipoprotein
A-I (Apo A-I) as a marker of fibrosis in children with chronic
hepatitis B (CHB).

METHODS: Liver biopsy specimens from 49 children with
CHB were evaluated by using Knodell index. Plasma Apo
A-I level was measured after 12-h fasting. Student’s t test,
Spearman’s correlation test and receptor-operating
characteristic (ROC) curve were used for statistical
evaluation.

RESULTS: Mean Apo A-I level of the patients was not different
from that of controls (P>0.05). Six (8.7%) children had
fibrosis score of more than 2 (severe fibrosis). No difference
in the level of mean plasma Apo A-I was found among children
with and without severe fibrosis (P>0.05). No correlation
between Apo A-I level and fibrosis scores was found (P>0.05).
The area under the ROC curve was 0.407±0.146 (P>0.05).

CONCLUSION: Severe fibrosis is not common in children
with CHB and plasma Apo A-I level is not a reliable indicator of
fibrosis.
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INTRODUCTION
Apolipoprotein A-I (Apo A-I) is produced mainly by hepatocytes
and its level varies according to the degree of liver fibrosis[1-4].
In our previous study, we demonstrated the inverse correlation
of Apo A-I with the Child-Pugh score[3] in children with cirrhosis.
Data of Apo A-I levels in chronic hepatitis were mainly from
studies performed in adults with hepatitis C[5,6]. A recent study
showed that serum Apo A-I level was inversely correlated with
liver fibrosis in adult patients with chronic hepatitis B (CHB)[7].
       Liver biopsy is an invasive procedure especially for children.
It is well known that serum alanine transaminase (ALT) is a
good indicator of portal inflammation in chronic hepatitis[8],

but a reliable biochemical fibrosis index is not available for
children. The aim of this study was to determine if low plasma
Apo A-I level was a reliable indicator of fibrosis in childhood
CHB.

MATERIALS AND METHODS
Forty-nine hepatitis Be antigen (HBeAg) positive children
(13 females and 36 males) with pathology verified chronic
HBV infection were included in this study. Their mean age was
9.1±4.1 years (3 to 18 years). Patients were excluded if they had
hepatitis D or C or HIV infection. No patient had evidence of
decompensated liver diseases or autoimmune hepatitis. Parents
of the patients were required to give written informed consent
before entering the study.
       Pretreatment liver biopsy specimens were obtained from all
patients and scored with the use of the Knodell index[9], which
grades the histological activity of hepatitis on a scale from 0 to
22, with higher scores indicating more severe abnormalities.
The overall Knodell score is the sum of the scores for periportal/
bridging necrosis (0 to 10), intralobular degeneration and
focal necrosis (0 to 4), portal inflammation (0 to 4), and fibrosis
(0 to 4). Before the patients entered the study, blood samples
were taken for the test of blood cell counts, serum alanine
aminotransferase (ALT), Apo A-I, hepatitis B surface antigen
(HBsAg), HBeAg, antibody to HBeAg, antibody to HBsAg
and HBV DNA.
        Plasma Apo A-I levels of 20 gender- and age-matched healthy
children were used as controls. Student’s t test, Spearmen’s
correlation test and ROC curve were used for statistical analysis.

RESULTS
Pre treatment ALT, Apo A-I, hepatic activity index (HAI), portal
fibrosis, inflammation and necrosis scores, and HBV DNA levels
of the children are shown in Table 1. Mean plasma Apo A-I
level of 49 children with CHB was not different from that of
controls (39.3±5.8 µmol/L vs 40.71±4.8 µmol/L, P>0.05).

Table 1  Some pretreatment biochemical, pathological and
serological findings in children with chronic hepatitis B

Parameter mean±SD Range

ALT (IU/l)      80±80  21-396
Apo A-I (µmol/L)   39.3±5.8            29.2-57.5
Hepatic activity index     7.0±3.0    3-17
Portal fibrosis     1.4±0.9    0-4
Portal inflammation     2.0±1.2    0-4
Focal necrosis     1.6±0.9    0-4
Bridging necrosis     2.0±1.6    0-6
HBV DNA (ng/L) 1 537±712             118-3 111

       Children with CHB were divided into 2 groups according to
their fibrosis stage: group 1, whose portal fibrosis scores were
0, 1 or 2; group 2, whose portal fibrosis scores were 3 or 4. In
groups 1 and 2, the mean Apo A-I levels were 39.6±5.6 µmol/L

      

 



and 36.9±6.8 µmol/L, respectively (P> 0.05). Only 6 (8.7%)
children had a fibrosis score of more than 2.
       No correlation among Apo A-I and HAI, portal inflammation,
portal fibrosis, focal necrosis, bridging necrosis scores was found
(P>0.05). A positive correlation between ALT and portal inflam-
mation scores and between ALT and HAI was found (P< 0.05 and
P<0.01, respectively).
       The area under the ROC curve of Apo A-I was 0.407±0.146
(P>0.05, Figure 1).

Figure 1  ROC curve of Apo A-I.

DISCUSSION
Fibronectin, a major liver extracellular matrix component, can
interact with Apo A-I both by downregulating its mRNA level
in liver cells and by binding to this molecule after its secretion
in the extracellular space[1,2]. Since fibronectin is the first matrix
component to be produced in excess and deposited in liver
fibrosis, it has been thought to be involved in the decrease in
Apo A-I in alcoholic patients with liver fibrosis and cirrhosis[1,2].
       Because liver biopsy is an invasive method with a 1/10 000
mortality rate, noninvasive serum markers of liver fibrosis are
under investigation[10]. Furthermore, although histological
analysis is considered to be the gold standard for the diagnosis
of extensive fibrosis and cirrhosis, the rate of false-negative
results was approximately 15-20%[10]. Clinical investigations
on fibrosis markers were generally focused on hepatitis C rather
than hepatitis B[5,6]. One of the few studies performed of patients
with CHB was the study Huang et al.[7]. They investigated the
value of serum biochemical markers in the diagnosis of liver
fibrosis of patients with hepatitis B and observed that levels of
ALT, total bilirubin, alpha 2-macroglobulin, GGT and Apo A-I
were signi-ficantly correlated with the clinical staging of liver
fibrosis, and concluded that a combined assessment of these
indices might help obtain an accurate diagnosis of liver cirrhosis
with less need of pathological biopsy in this population[7].
      Besides noninvasive biochemical markers, some studies
strongly recommended using some historical features such as
sex, age at biopsy and alcohol consumption as independent
predictors of fibrosis in chronic hepatitis C adults[5]. They
demonstrated that a simple index including age, sex, and five
biochemical markers could accurately predict significant
hepatitis C-related fibrosis[5].
       Teare et al.[11]. compared aminoterminal type III procollagen
propeptide (PIIIP) with the PGA index, which combines the
prothrombin time, gamma-glutamyl transpeptidase activity, and
serum Apo A-I concentration, in predicting liver fibrosis in
patients with alcoholic liver disease, primary biliary cirrhosis, and
CHB. They stated that PGA and PIIIP values were increased in
all patients with CHB in comparison with controls. For the
detection of cirrhosis they found that PGA was 91% sensitive
and 81% specific[11]. Similarly Ding et al.[12] evaluated the
diagnostic value of serum liver fibrosis markers by analyzing
the correlation between liver fibrosis stage in patients with

CHB and serum liver fibrosis markers, such as hyaluronate,
type III procollagen, laminin, and type IV collagen in 278
patients. They found that liver fibrosis stage was correlated to
inflammation degree and that serum hyaluronate, type III
procollagen, laminin, and type IV collagen could reflect the
state of liver fibrosis[12].
      The difference between mean Apo A-I level of children with
CHB and controls was not significant (39.3±5.8 µmol/L vs
40.71±4.8 µmol/L). In 2002, we reported similar figures for
children with chronic hepatitis, most of them had CHB[4].
However, Norton et al.[13] reported that Apo A-I and apo C-III
steady-state mRNA levels were suppressed by HBV replication
and/or gene expression. Other studies revealed that the levels of
Apo A-I and Apo A-II were reduced during acute hepatitis, when
virus levels were high, and normalized after viral clearance[14,15].
Similar results were reported for chronic HBV infection. Reduced
levels of circulating lipoproteins and apolipoproteins have been
correlated with increased viral replication[16-18]. In our study no
correlation between HBV DNA and Apo A-I levels was detected.
     Of the 49 children, only 8.7% had significant fibrosis
according to Knodell index (>2), suggesting that fibrosis is not
prevalent in this age group. Although the mean plasma Apo
A-I level was lower in this small population compared to children
with mild/no fibrosis (36.9±6.8 µmol/L vs 39.6±5.6 µmol/L),
statistical significance was not detected.
    Recently it has been recommended to use ROC curves in
determ-ination of the indices of hepatic fibrosis in clinical
practice[19,20]. In this study, plasma Apo A-I level as a fibrosis
marker was measured in children with CHB and compared with
Knodell scores to determine if it had any clinical value as a
marker of fibrosis. In conclusion, severe fibrosis and Knodell
score higher than 2, are not common in CHB children and plasma
Apo A-I level is not a reliable indicator of fibrosis.
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Abstract

AIM: There is limited information on the natural history of
HCV infection in China. We investigated the outcome of
HCV infection after nine-year follow-up and the risk factors
in blood donors in China in order to provide the foundation
for prevention and therapy.

METHODS: A total of 172 cases of HCV infection with anti-
HCV positive and ALT abnormality were enrolled in the
archives when was screened blood in Hebei Province in
1993. In them 142 blood donors were followed up till July
2002. No antiviral treatment was applied to them during
the period of infection. In the present study, anti-HCV, HCV-
RNA and aminotransferase were detected and genotyping
was conducted by the method of restriction fragment length
polymorphism(RFLP). B-type ultrasound detection was
performed in all the patients. Age, sex, alcohol consumption
and clinical symptoms were questioned.

RESULTS: After nine years’ follow-up, 10.56% (15/142)
of the cases were negative for anti-HCV and 16.42% (12/134)
of them were negative for HCV-RNA. The genotypes 1b,
2a and 1b/2a were 91.07%, 6.25% and 2.68% respectively.
Twelve cases (8.45%) were negative for both HCV RNA
and anti-HCV. The rate of chronicity in this group was
83.58% (112/134), and the rate of viral spontaneous
resolution was 16.42% (22/134). The mean level of ALT,
AST, γ−GT in HCV RNA positive cases was significantly
higher than that in HCV RNA negative cases (P<0.001).
The abnormal rate of ALT and/or AST in male donors was
significantly higher than that in female donors (P = 0.005).
The rate of progression to liver cirrhosis from chronic hepatitis
C was significantly higher in the cases of super-infection
with HBV than that in the cases of single HCV infection.
Overdose alcohol consumption promoted the progression
to chronicity.

CONCLUSION: This area (Hebei Province) has a higher
rate of chronicity in HCV infection, and measures should
be taken to prevent its progression to serious liver diseases,
especially for patients super-infected with HCV and HBV.
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INTRODUCTION
Hepatitis C virus is the major cause of post-transfusion hepatitis.
It has been estimated that nearly 170 million people are infected
with HCV in the world. High chronicity is an obvious
characteristic of HCV infection. Eighty-five percent of infected
patients developed chronic infection and 8-45% of them could
resolve. Liver cirrhosis developed in 10-50%, hepatocellular
carcinoma in 1-23%, liver disease related mortality in 4-15%[1-3]

in twenty years of natural infection. There is limited information
about the long-term follow-up study in China. Many donors
were infected with HCV by means of plasmapheresis in the
1990 s[4]. In the present study, 172 cases of blood donors
infected with HCV were diagnosed in August of 1993, and 142
of them were followed up till July 2002. The outcome in natural
history of HCV infection and related factors affecting the
outcome were investigated.

MATERIALS AND METHODS
Patients
A total of 172 cases of blood donors from a rural area of Zhao
Country in Hebei Province were diagnosed as HCV infection
by etiology and biochemistry detection (including anti-HCV
and hepatitis B surface antigen) in August of 1993. Thirteen
cases of them were co-infected with hepatitis C virus and
hepatitis B virus. Nine years later, only 142 persons (66 men
and 76 women with a mean age of 36.67±9.10 years at time of
infection and 45.70±9.11 years at time of investigation) were
followed up. Additionally, three children with aged of 2 to 8 years
at the time of infection were checked-up in our series. It was
noted that all of the donors received no antiviral treatment
during the nine years of infection.

Methods
Anti-HCV antibodies  Five-milliliter peripheral vein blood was
collected for biochemical and etiology detection. All patients
were tested for the presence of anti-HCV antibodies with Abbott
diagnostic test kit (Abbott, USA) according to the manufacturer’s
instructions in 1993 and 2002. The rest of the blood samples
were stored at -80 .
HCV RNA detection and genotyping  Primers were designed
from the conserved 5’-noncoding (5’-NC) region of the HCV
genome. P1: 5’-GTGTGAGGAACTACTGTGTT-3’, P1’: 5’-AAC
ACTACTCGGCTAGCAGT-3’, and P2: 5’-TTCACGCAGAAAG
CGTCTAG-3’, P2’: 5’-GTTTATCAAGAAAGGACCCG-3’. RT-
PCR procedure was performed as previously described[5]. PCR
products positive for HCV RNA were genotyped with restriction
fragment length polymorphism (RFLP) method[5].
Risk factors for HCV chronicity  All data of risk factors for
HCV chronicity were collected by using special questionnaires,
including sex, age, symptoms, alcohol consumption, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), γ-
glutamyltransferase (γ-GT), alkaline phosphatase (ALP), total
bilirubin (Tbil), direct bilirubin (Dbil), total protein (TP) and
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albumin (ALB) in 12 by using fully automatic biochemical
analysis compliance 7071A (Hitachi, Japan). HBV markers were
also detected by Abbott diagnostic kit.
Diagnostic criterion  Chronic hepatitis C and liver cirrhosis
were diagnosed based on the critera modified at the Sixth (Xi’ an)
National Convention of Infectious, Parasitic and Liver Diseases[6].

Statistical analysis
Quantitative values were expressed as mean±SE. Unpaired
Student’s t test, χ2 and Fisher’s exact test were used for
statistical comparison of the data. P<0.05 was considered
statistically significant.

RESULTS
Outcome of HCV infection
In the172 cases enrolled in this study in 1993, seven cases were
already died at the time of investigation. Two (1.16%) out of
seven cases died of suspected hepatocellular carcinoma.
Twenty-three cases were out of follow-up. In the present study,
only 142 cases were followed-up under the investigation. Out
of the 142 cases, HCV RNA was detected in 134 cases. The
result showed that 112 cases (83.58%) of the donors were
positive for HCV RNA and 16.42% were negative for HCV RNA;
89.44% were positive for anti-HCV and 10.56% were negative
for anti-HCV ; 8.45% of them were negative for both anti-HCV
and HCV RNA. Out of the 142 infected persons, most but one
(who was with chronic moderate hepatitis C) with mild chronic
hepatitis C had no obvious clinical symptoms according to
the viral hepatitis prevention project. In the cases with
persistent infection, B-type ultrosound detection showed
2.68% with liver cirrhosis, 86.61% with chronic hepatitis and
10.71% with fatty liver.

Anti-HCV, HCV RNA and abnormity of liver function
Ninety-one point sixty percent of the cases were positive for
HCV RNA in the positive group of anti-HCV. Eight cases of
severe hepatitis and three cases of liver cirrhosis were positive
for both anti-HCV and HCV RNA. Another two patients with
liver cirrhosis and severe hepatitis were co-infected with both
HCV and HBV in 1993 and turned positive for anti-HCV,
negative for HCV RNA and positive for hepatitis B surface
antigen in the present study. The rate of ALT and/or AST
abnormalities in the positive group of anti-HCV was 28.57%
(34/119), while that in the negative group of anti-HCV was zero
(Table 1). The average level of ALT, AST and γ-GT in the positive
group of HCV RNA was significantly higher than that in the
negative group (P<0.001) (Table 2). On the other hand, the
abnormal rate of ALT and / or AST in the positive group was
also significantly higher than that in negative group (29.46% vs
4.55%, P = 0.014).

Clinical symptoms
Fifty out of 112 cases (44.64%) of chronic HCV infection had
mild symptoms, including abdominal pain (18.75%), fatigue (17.86%),
and arthralgia (16.96%). The rates of cases with symptoms in
the group of liver cirrhosis was 50.0%. Surprisingly, six cases
with negative viral markers had fatigue.

Table 1 Abnormal of serum alanine aminotransferase in pa-
tients infected with HCV after 9 years’ follow-up in different
groups

                                                                           Liver function
Group
                                                                   Normal           Abnormal
                                                                    cases (%)          cases (%)

Anti-HCV(+)HCV RNA(+)   76 (69.72)  33 (30.28)
Anti-HCV(+)HCV RNA(-)     9 (90.00)    1 (10.00)
Anti-HCV(-)HCV RNA(+)     3 (100.0)            0
Anti-HCV(-)HCV RNA(-)   12 (100.0)            0
Anti-HCV(+)HCVRNA(undetected)     4 (50.00)    4 (50.00)
Total 104 (73.24)  38 (26.76)

Note: The number in the bracket is the percentage of normal
and abnormal cases in each group.

Co-infection with HBV and alcohol consumption
Thirteen of 142 cases had co-infection with HBV in 1993. Twelve
cases of them were positive for hepatitis B surface antigen
(HBsAg) and the rest were negative for HBsAg and positive
for anti-hepatitis B core (anti-HBc). Nine years later, three of
them turned negative for HbsAg, suggesting that spontaneous
resolution of HBsAg per year was 2.77% similar to the of
standard rate of resolution (2.01%) in our country[7]. The rate
of spontaneous resolution of anti-HCV was 7.69% in the group
of co-infection with HBV while 8.53% in the group of single
HCV infection. There was no significant difference between
the two groups. Thirty point seventy-seven percent lost their
HCV RNA in the group super-infected with HCV and HBV and
14.88% lost their HCV RNA in the group with single HCV
infection. However, there was no significant difference between
them. Two (15.38%) out of thirteen cases with co-infection
developed liver cirrhosis while two (1.55%) out of 129 cases
with single HCV infection also developed liver cirrhosis. The
progression to liver cirrhosis due to co-infection was significant
faster than that due to single infection (P<0.05). Thirteen of
142 cases had alcohol consumption of more than 100 g every
day and all developed persistent infection. We also found that
all cases with viral resolution had no history of excessive
alcohol consumption, suggesting that alcohol consumption
might promote the progression of HCV infection to chronicity.

Age at the time of primary infection
We divided the donors into three groups according to the age
of infection: 18-30 years, 31-40 years and 41 years. The rate
of spontaneous viral resolution in the three groups was 17.95%,
15.09% and 16.67% respectively. There was no significant
difference. There was no linear correlation between the age of
infection and the viral load (r = -0.144). Liver function was
normal in the three investigated children. One of them was
negative for viral markers and the other two developed persistent
infection.

Influence of sex on the viral resolution
Sixty-two male cases and seventy-two female cases were
detected for HCV RNA. The rate of viral resolution was 12.90%
in the male group and 19.44% in the female group. No significant

Table 2  Comparison of ALT, AST, ALP, γ-GT, TBIL and DBIL between positive (+) and negative (-) HCV RNA patients (mean±SE)

HCV RNA     Case             ALT (IU/L)            AST (IU/L)            ALP (IU/L)     γ-GT (IU/L)        Tbil (µmol/L)   DBiL (µmol/L)

+ 112                31.2±32.6b                34.8±27.0b                82.0±36.6                20.0±17.6b                13.2±5.6              6.0±2.3

-   22                16.1±8.6                   22.9±6.5                   78.9±40.1                12.4±5.8                   12.1±7.4              5.4±2.2

bP<0.001 vs the negative group of HCV RNA.



difference was found between them. Four cases of liver cirrhosis
were all male cases. The rate of ALT and/or AST abnormalities
was significantly higher in male donors than in female donors
(P = 0.005).
       Related factors affecting the outcome of HCV might include
co-infection with HBV and long-term excessive alcohol
consumption, which could promote the progression of HCV
infection to chronicity and liver cirrhosis. In the present study,
we could not find the significant correlation between the
outcome of HCV and age of infection and sex.

DISCUSSION
The harm of hepatitis C is only next to hepatitis B in our country.
The epidemic rate is 3.2% in Chinese population and it is
estimated that 41 million people were infected[8]. Economic
burden for HCV is 11.7-21.6 billion RMB per year in China. New
cases have been decreased through the detection of blood
donors since 1990 s, but part of patients would progress to
chronic hepatitis, liver cirrhosis and hepatocellular carcinoma.
Although there are many reports on this aspect in Western
countries[9-13], few similar researches have been carried out in
China. So it is very necessary to summarize the natural outcome
of HCV in China.

Chronicity rate
The rate of spontaneous resolution in the present study was
16.42%, lower than 29.01%[14] reported before in China after
12-25 years of infection. It may be because the qualitative
method used in the study was more sensitive than quantitative
method used in another area. Additionally, during our
investigation, the infection was spontaneously resolved in
some cases, which might be one of the causes of high chronicity
in HCV infection in this study. Two patients died of suspected
liver disease, and the case fatality rate was 1.16% in the group
studied, which was lower than the previously reported[10].
B-type ultrasound detection reflected liver inflammation in some
degree under the condition that liver biopsy was not taken.
After nine years of infection, 2.68% of the patients developed
liver cirrhosis, which was lower than 7-16% after 8-16 years of
infection[1]. Our results showed that the clinical symptoms were
latent in the donors studied. Compared with the patients with
HBV infection, higher chronicity and faster progression to liver
cirrhosis were observed in the patients with HCV infection.

Factors affecting the outcome
Age  As described previously[15-17], age appear to be an important
determinant of progression. The data suggest that the younger
the age at infection, the lower the rate of progression. In the
present study, no difference was found in the rate of viral
resolution in the different age groups, which is consistent with
a previous report[14]. The rate of chronicity was higher in the
group than in children and young women of other countries.
Sex  Regarding sex, there is evidence that the rate of progression
of liver disease was lower in women than in men. The cases
who progressed to liver cirrhosis in our study were all males.
The rate of ALT and/or AST abnormalities in males was
significantly higher than that in females, indicating that males
might relate with the more serious liver disease.
Super-infection with HBV  The rate of viral resolution in the
donors super-infected with HBV was a little higher than in the
donors without HBV infection, but there was no significant
difference. The rate of progression to liver cirrhosis in the cases
super-infected with HCV and HBV was significantly higher
than that in the cases only infected with HCV, which is
consistent with previous reports.

Alcohol consumption  Several reports showed that overdose
alcohol consumption might contribute to the progression to
liver cirrhosis and hepatocellular carcinoma. In the present
study, alcohol consumption was shown the progression to
chronicity. Whether alcohol consumption affects the progression
of liver diseases, needs to be further studied.
      In summary, this area (Hebei province) has a higher rate of
chronicity in HCV infection, and measures should be taken to
prevent the progression to serious liver diseases, especially
for the patients super-infected by HCV and HBV.
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Abstract

AIM: To explore the ability of recombinant toxin luteinizing
hormone releasing hormone-Pseudomonas aeruginosa
exotoxin 40 (LHRH-PE40) and LHRH binding to LHRH receptor
(LHRHR) on the membrane surface of human liver cancer
HEPG cells.

METHODS: LHRH was labeled by using 125I with enzymatic
reaction. The affinity and receptor volume of LHRH-PE40
and LHRH binding to LHRHR on the membrane surface of
human liver cancer cells were measured with radioligand
receptor assay.

RESULTS: The specific activity of LHRH labeled with 125I
was 2.7×104 kBq/µL, and its radiochemical purity reached
to 99.2-99.7%. The binding of 125I to LHRH was maximal
for 240 min in the warm cultivation, and this binding was
stabilized. The inhibiting rates of 125I-LHRH and LHRH on
the proliferation of human liver cancer HEPG cells were
not significantly different. On the basis of the saturation
curve of 125I-LHRH binding to the membrane LHRHR of HEPG
cells, 125I-LHRH of 1×105 cpm was selected for radioligand
receptor assay. The affinity constants (Kd) of LHRH-PE40
and LHRH binding to the membrane LHRHR of HEPG cells
were 0.43±0.12 nmol/L and 4.86±1.47 nmol/L, respectively,
and their receptor volumes were 0.37±0.15 µmol/g and
0.42±0.13 µmol/g, respectively. The binding of LHRH-PE40
to the membrane protein of normal liver cells was not
observed.

CONCLUSION: The recombinant toxin LHRH-PE40 binding to
the membrane surface of LHRHR of human liver cancer HEPG
cells was very strong, while the specific binding of it to normal
liver cells was not observed. The results provide an important
experimental basis for the clinical application of LHRH-PE.

Gong SL, Zhao G, Zhao HG, Lü WT, Liu GW, Zhu P. Ability of
luteinizing hormone releasing hormone-Pseudomonas
aeruginosa exotoxin 40 binding to LHRH receptor on human
liver cancer cells. World J Gastroenterol  2004; 10(19): 2870-
2873
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INTRODUCTION
Guide medicine is currently one of the focuses in the field of
medicine and biology. We can couple some tumor specific
antibodies, cytokines or hormones, etc. with toxins (such as
animal and plant toxin, radiotherapy and chemotherapy
medicines or bacterial toxins, etc.) through chemical method or
connection by gene fusing technology, and then express fusing
protein to make a guide medicine with specific target
characteristics and killing cell toxicity, that is biological missile,
which can selectively kill homologous antigen-associated cells
or antibody-associated cells, while exerts little effect on irrespective
cells[1]. So far, a series of recombined immune toxins have shown
perfect effects through in vitro and animal experiment[2-4], moreover
the results in some clinic investigations are also satisfactory[5,6].
DAB389IL-2 which IL-2 receptor used as a guide medicine of
target has passed FAD’s warrant and come into use[7].
      Luteinizing hormone-releasing hormone (LHRH) is also
termed gonadotropin-releasing hormone (GnRH). It is a peptide
hormone synthesized and secreted mostly from hypothalamus.
Pseudomonas aeruginosa exotoxin 40 (PE40) was obtained by
removing I a region of PE. A fusing protein LHRH-PE40 was
recombined by the fusion of both LHRH gene and PE40 gene
with genetic engineering in vitro. LHRH-PE40 is a guide
medicine to treat cancer. PE40 has effect on antitumor and
immune regulation. The key of LHRH-PE40 biological effect is
selectively to kill carcinoma cells. This effect is gained by the
distributing difference of membrane surface LHRH receptor
(LHRHR) in live cancer cells and normal liver cells. Many
experimental results showed that LHRHR expressed greatly in
the membrane surface of some carcinoma cells, but not in that
of normal liver cells[8-13]. The results provide an important basis
for studying and preparing guide medicine to treat cancer[14].
Therefore, LHRHR is acted as a sign to distinguish carcinoma
cells from normal cells. The abilities of LHRH-PE40 binding to
the membrane surface LHRHR of liver cancer cells and normal
liver cells were observed with radioligand receptor assay for
providing an important experimental basis for LHRH-PE40
clinical application.

MATERIALS AND METHODS
Liver cancer cell line and normal liver tissues
Human liver cancer HEPG cell line was bought from the Cell
Center, Institute of Cell Biology, Chinese Academy of Medical
Sciences (Beijing, China). Human liver tissues (3 cases) were
provided by the Center of Medicolegal Examination, Criminal
and Police Team, Liaoyuan City, Jilin, China.
       Human liver cancer HEPG cell line was maintained in 75 cm2

culture flasks at 37  in a humidified 50 mL/L CO2-in-air mixture.
The cells were passed weekly. After cells were harvested in
exponential growth phase, they were dissociated with a non-
enzymatic cell dissociation solution (Sigma, USA), and then
counted by a hemacytometer. The cells were washed twice
with phosphate-buffered saline (PBS) before cell membrane
protein was prepared.



Reagents and hormones
125I was from Amersham, UK. LHRH and thyrotropin releasing
hormone (TRH) were bought from Institute of Biochemistry,
Shanghai. LHRH-PE40 was synthesized by the Institute of
Military Veterinary Medicine, Quartermaster University of PLA.
Lactoperoxidase, glucoseoxidase and Sephadex G-25 gel were
made in Sigma, USA.

LHRH labeled with 125I of enzymatic reaction
The lactoperoxidase-glucoseoxidase method by Piyachaturawata
et al.[15] was slightly modified to label LHRH using 125I with
enzymatic reaction. Half mol/L PBS of 20 µL (pH 7.6), LHRH of
5 µg (dissolved in 0.1 mol/L NaAc of 5 µL), 2.3 mU lactoperoxidase
(dissolved in 0.1 mol/L NaAc of 10 µL, pH 5.6), 2.8 mU
glucoseozidase (dissolved in 0.1 mol/L NaAc of 10 µL, pH 5.6)
and 5 g/L β-D (+) glucose of 5 µL in proper order were added
into the test tube with 3.7×104 kBq fresh 125I of non-reducer,
oscillated and mixed, to make 125I quickly labeling to LHRH.
After the reaction for 5 min at 22-25 , 0.1 mol/L boric acid
buffer of 50 µL was added into the test tube to stop the reaction. The
reactant of LHRH labeled with 125I in test tube was separated and
purified by column chromatography (the column of 1 cm×25 cm)
with Sephadex G-25 gel to removing free 125I, eluted with o.1 mol/L
boric acid buffer (containing 1 g/L gelatin and 0.2 g/L sodium
azide, pH 9.2, flow rate: 3 mL/3 min, 3 mL/tube). Thirty-six tubes
were collected. The radioactivity (counts per minute, cpm) of
125I-LHRH of 10 µL in each tube was determined. The specific
activity of 125I-LHRH determined with self-displacement curve
was 2.69-3.7×104 GBq/g LHRH.

Inhibiting rate of liver cancer cell proliferation measured with MTT
Inhibiting rates of both 125I-LHRH and LHRH on the proliferation
of human liver cancer HEPG cells were measured using enzyme-
linked immunosorbent assay meter (Bio-Rad, USA) with MTT
(thiazolyl blue) method[16].

Preparation of cell membrane protein
The preparation of the membrane protein in human liver cancer
HEPG cells: The cells were centrifuged in culture fluid, counted,
washed once with PBS and centrifuged (500 r/min, 4 , 5 min).
The centrifuged sediment was suspended in ice-cold sucrose
buffer for 20 min. The suspension was again centrifuged
(300 r/min, 4 , 5 min) after the cells in the suspension were
ground with ultrasonic meter at ice bath. The centrifuged
supernatant was further centrifuged (18 000 g, 4 , 30 min).
The centrifuged sediment was a membrane protein. Then the
purer membrane protein of liver cancer cells was gained after
the membrane protein was washed once with PBS.
       Preparation of membrane protein in normal human liver cells:
The liver tissue was sheared into fragments with ophthalmic
scissors after the frozen tissue was thawed in sucrose buffer.
The fragments were homogenized at ice bath for 1 min and
centrifuged (1 500 r/min, 4 , 10 min). The centrifuged supernatant
was again centrifuged (31 000 g, 4 , 15 min). Then the purer
membrane protein of normal liver cells was gained after the
membrane protein was washed once with PBS.

Competitive binding of LHRH-PE40 and LHRH to LHRHR of
HEPG cell membrane
Polypropylene test tubes dried after soak with 10 g/L bovine
serum albumin (BSA) were used as the reactive tubes. The tri-tube
was used as a determined value. LHRH-PE40 or LHRH of
different concentrations and 125I-LHRH (1×105 cpm) of 100 µL
in proper order were added into the reactive tube in ice bath,
respectively, and mixed. Then, 100 µL suspension of the cell
membrane (containing 180-220 µg protein) was added into the
reactive tube. The reactive tubes were cultivated at 4  for 4 h

after oscillation. Excessive LHRH-PE40 or LHRH (200 µg) was
added into the non-specific binding tube. The total volume in
the reactive tube was 0.3 mL. The reactant was filtrated by
using a microfilter with 32# glass fiber filter paper at 93.3 kPa
negative pressure vacuum. The reactive tube and filter pore
were washed 3 times with 0.5 mL of precolded 0.5 mol/L PBS
(pH 7.4): physiological saline at 1:50. The radioactivity of the
sediment on the filter paper filtered at vacuum and dried for
5 min was measured with 125I automatic radio-immunity analyzer.
The protein was measured with Lowry modification, and its
standard curve was done with human serum albumin.

RESULTS
Characteristics of LHRH labeled with 125I
The specific activity of LHRH labeled with 125I of enzymatic
reaction was 2.7×104 kBq/µg. Its radiochemical purity measured
using paper chromatography with the developer of 5% KI and
1 mol/L HCl (1:1) reached 99.2-99.7%. 125I-LHRH did not produce
free 125I 3 and 7 d after preservation at -80 , and produced 5%
free 125I after 10 d. The inhibiting rate of 125I-LHRH on the
proliferation of cancer cells was not significantly different as
compared with that of LHRH (Figure 1).

Figure 1  Inhibitory rates of unlabeled LHRH and 125I–LHRH
on human liver cancer HEPG cell proliferation.

Warm cultivation time of 125I-LHRH binding to HEPG cell
membrane protein
The 125I-LHRH binding to HEPG cell membrane protein was
observed for 60, 90, 120, 150, 180, 240 and 300 min in warm
cultivation. The binding increased with the prolongation of
warm cultivation time, and reached the peak value at 240 min. If
the time in the warm cultivation was prolonged further, the
binding decreased.

Radioligand receptor assay of competitive binding of LHRH-
PE40 and LHRH to HEPG cell membrane protein with 125I-LHRH
The specific binding of HEPG cell membrane protein to 125I-LHRH
increased with the protein concentration. The increase of the
binding was not obvious as protein concentration exceeded
250 µg per 0.3 mL, while the non-specific binding increased
obviously. According to the experimental results, the protein
concentration of 180-220 µg per 0.3 mL was used as radioligand
receptor assay.
      The saturation curve of 125I-LHRH binding to LHRHR of
HEPG cells was firstly done. 125I-LHRH of 1×105 cpm in 50%
linear range of the saturation curve was selected as radioligand
receptor assay (Figure 2). Figure 3 shows the inhibiting curve of
competitive binding of non-labeled LHRH-PE40 and LHRH to
HEPG cell membrane protein LHRHR with 125I-LHRH. 125I-LHRH
binding to LHRHR reduced with increase of the non-labeled
ligands to demonstrate a specific inhibiting curve of competitive
binding. LHRH-PE40 could bind to HEPG cell surface LHRHR,
while TRH could not. Figure 4 was drawn with Scatchard method
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to gain two straight lines. The affinity constants (Kd) of binding
of LHRH-PE40 and LHRH to LHRHR of HEPG cells were
0.43±0.12 µmol/g and 4.86±1.47 µmol/g, respectively, and their
receptor volumes were 0.37±0.15 µmol/g and 0.42±0.13 µmol/g,
respectively.

Figure 2  Saturation curve of 125I-LHRH binding to LHRHR of
human liver cancer HEPG cells. TB: total binding, NB: non-
specific binding, SB: specific binding.

Figure 3  Inhibiting curve of competitive binding of non-
labeled LHRH-PE40, LHRH and TRH to human liver cancer
HEPG cell LHRHR with 125I-LHRH.

Figure 4  Scatchard analysis of LHRH-PE40 and LHRH bind-
ing to LHRHR of human liver cancer HEPG cells.

Figure 5  Inhibiting curve of competitive binding of non-
labeled LHRH-PE40 and TRH to normal human liver cell
LHRHR with 125I-LHRH.

       The binding curve of LHRH-PE40 to the membrane protein
of normal liver cells was not significantly different from that of
negative control TRH (Figure 5). The labeled ligand 125I-LHRH
binding to the membrane protein of normal liver cells did not
change with increase of the non-labeled ligand LHRH-PE40.
The result suggested that LHRH-PE40 binding to trace LHRHR
in the membrane of normal human liver cells could not be examined.

DISCUSSION
The specific activity of LHRH labeled with 125I of enzymatic
reaction was 2.7×104 kBq/µL, and its radiochemical purity
reached 99.2-99.7%. The 125I binding to LHRH was maximal at
240 min in the warm cultivation. This binding was stabilized, i.e.
125I-LHRH did not produce free 125I 3 and 7 d after preservation
at -80 , and produced 5% free 125I after 10 d. The inhibiting
rates of 125I-LHRH and LHRH on the proliferation of human
liver cancer HEPG cells measured with MTT (thiazolyl blue)
method were not significantly different. The results suggest
that LHRH satisfactorily labeled with 125I of enzymatic reaction
may be used as radioligand receptor assay.
       LHRH-PE40 is a guide medicine to treat cancer. It is composed
of the guide fraction of LHRH peptides and the toxicity fraction
of PE40 protein. The active principle of LHRH-PE40 is that its
toxicity fraction PE40 enters in cells through transmembrane
transport to kill cancer cells after its guide fraction LHRH binds
to LHRHR of cancer cell membrane surface. The expression of
LHRH and its receptor as a part of a negative autocrine
regulatory system of cell proliferation has been demonstrated
in a number of human malignant tumors. Moreover, the dose-
dependent antiproliferative effects of LHRH agonists on cell
lines derived from these cancers have been observed by various
investigators[17-19]. The effect exerts through the signal transduction
in cancer cells[20, 21]. So, the specific binding of guide fraction
LHRH to LHRHR of cancer cell membrane surface becomes the
key in the treatment of carcinoma. It has been currently
demonstrated that there also are LHRH and its receptor LHRHR
in some tissues besides hypothalamus and pituitary. Some
literatures indicated that there was LHRHR in the membrane
surface of normal liver cells, but its content was very low[8,9].
The fact brings forward a challenge against the LHRHR
specificity of killing cancer cells. However, our experimental
results showed that specific binding of LHRH-PE40 to the
membrane surface LHRHR of human liver cancer HEPG cells
occurred, while did not to normal human liver cell membrane
surface where there may be trace LHRHR. Of course, the
negative result of this non-specific binding may be affected by
the precision limitation in the experimental method itself. For
example, some methods could be used only when the Kd of
sample was less than 10-8 nmol/L[22]. Both epidermal growth
factor (EGF) and interleukin-2 (IL-2) used as the guide medicines
are also faced with the same problem that their trace receptors
exist on the surface of normal liver and kidney cells, but they
have been used in clinic. Although this kind of medicines may
also have a weak liver toxicity, their side effects are less as
compared with chemotherapy. So, LHRH-PE40 has some value
in curing liver cancer with numeric proliferation of LHRHR.
       The binding of hormone to its receptor was limited by many
factors[23]. Among these factors the space of hormone protein
can directly affect the binding to its receptor. LHRH is a
decapeptide without free amino and carboxyl. The amino acids
at its 4-6 sites can form β-sheet like a barrette, which makes it
binding to receptor. Furthermore, the amino acids at this
hormone’s first and 4-10 sites can bind to its receptor too. LHRH
of LHRH-PE40 replaces I a section of PE. A linking bridge of
both His and Met amino acids added between two molecules
maintains the primary structure of LHRH. But whether LHRH’s
space configuration of this fusing protein changes should be
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further explored. The results from this experiment were that the
affinity constants (Kd) of LHRH-PE40 and LHRH binding to
LHRHR of HEPG cells were 0.43±0.12 nmol/g and 4.86±1.47 nmol/L,
respectively, and their receptor volumes were 0.37±0.15 µmol/g
and 0.42±0.13 µmol/g, respectively. The affinity constant of
LHRH-PE40 is nearly one-tenth of LHRH. Therefore, we can
infer that LHRH-PE40 maintains the characteristics of LHRH
binding to its receptor, and its binding capacity is stronger
than LHRH itself. The result is identical with the report published
elsewhere[6]. This enhancing binding capacity may be caused
by its molecular mass being larger than LHRH, which makes
itself more stable and decomposed difficultly in vitro. These
results proved that LHRH-PE40 can bind to LHRHR on the
surface of liver cancer cells, and then exerts its guide action.
       Up till now, some problems still need to be resolved on the
guide medicine for the treatment of cancer. Somebody testified
that positive rate of LHRHR in adjacent tissues of cancers was
even higher than that in cancer tissues[24], which should be
attached importance. The articles demonstrated that the signal
transduction pathways mediated by LHRHR were different[25],
LHRHR of cancer cell surface could mediate cell apoptosis[26,27].
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Abstract

AIM: To explore a safe and efficient strategy of tumor
therapy using anti-angiogenetic agents.

METHODS: Endostatin gene with a signal sequence of
human IgG γ chain was amplified by PCR and cloned into
pVAX1 plasmid which was the only vector authorized by
FDA in clinical trial to construct a recombinant plasmid
named as pVAX-sEN. The recombinant plasmid was
detected with EcoRI/KpnI and DNA sequencing. BALB/c mice
bearing hepatocarcinoma cell line H22 were treated with
naked pVAX-sEN or liposome-DNA complex in which the
dose of DNA and the ratio of DNA and liposome were
different from each other. To compare the efficiency of
gene transfection, expression of endostatin at the treated
tumor site was assayed with ELISA. To investigate the effect
of pVAX1-sEN on hepatocellular carcinoma, pVAX-sEN
either naked or in liposome-DNA complex was injected
into BALB/c mice bearing H22, then the diameter of tumors
was measured, microvessel density was detected by
immunohistochemistry, endostatin expression in vivo was
assayed at different time points.

RESULTS: DNA sequencing showed the endostatin gene
with the signal peptide was correctly cloned. In situ gene
expression assay indicated that both the ratio of DNA
and liposome and the dose of DNA could affect the gene
transfection efficiency. Interestingly, naked pVAX-sEN had
a similar in situ endostatin expression to pVAX-sEN with
liposome. Animal experiments showed that pVAX-sEN
together with pVAX-sEN-liposome complex could efficiently
suppress the growth of mouse hepatoma cells.

CONCLUSION: Naked endostatin plasmid intratumoral
injection can get a similar gene transfection efficiency to
liposome-DNA complex when used in situ.

Ma CH, Zhang Y, Wang XY, Gao LF, Liu H, Guo C, Liu SX , Cao
YL, Zhang LN, Sun WS. Human endostatin gene transfer,
either naked or with liposome, has the same inhibitory effect
on growth of mouse liver tumor cells in vivo. World J
Gastroenterol  2004; 10(19): 2874-2877

http://www.wjgnet.com/1007-9327/10/2874.asp

INTRODUCTION
Tumor neovascularization is necessary to the growth and
metastasis of tumors[1]. Anti-angiogenesis is an effective
method to treat cancer[2,3]. Endostatin, an endogenous
angiogenesis inhibitor, was found in 1997[4].It can specifically
suppress endothelial cell proliferation. Animal experiments have
demonstrated that endostatin can strikingly inhibit the growth
of many kinds of tumor cells without drug resistance and
toxicity. Endostatin is a promising agent to treat cancer [5,6].
However, to produce a large quantity of biologically active
proteins has been proven difficult, the treatment requires
repeated administration and high doses of recombinant protein,
which limits endostatin’s clinical application. Gene therapy can
overcome the above disvantages and become a potential
method for cancer therapy. In this article, we constructed the
recombinant eukaryotic plasmid using pVAX1 which is the only
vector authorized by FDA in clinical trial. It can express secretive
endostatin in vivo. Efficient gene transfer and expression are
the key to gene therapy. In order to explore an efficient and
easy gene transfer method, we also compared the inhibitory
effect of liposome and naked DNA transfection on mouse
hepatoma cells in vivo.

MATERIALS AND METHODS
Plasmids
Eukaryotic expression vector pVAX1 authorized by FDA in
clinical trial was purchased from Invitrogen(USA). Cloning
vector pGEM-T-EN containing human endostatin genes was
constructed and preserved in our laboratory[7].

Cells and cultures
Mouse hepatoma cell line H22 was purchased from Shandong
Medical Science Institute and grown in BALB/c abdominal cavity.

Animals
BALB/c female mice, 5-6 wk of age, were provided by
Experimental Animal Center of Shandong University. A total of
1×106 H22 cells were transplanted subcutaneously into mice.
Treatment began 1 wk later, when tumor volume ranged between
0.4 to 0.5 cm3.

Primer design
According to the sequences in GeneBank, primers were designed
to amplify endostatin genes. In order to get a secretary protein,
signal sequence of human IgG γ chain was added to the 5’ end of
forward primer, and sequences recognized by KpnI and EcoRI
were respectively added to the forward primer and reverse primer:
forward(P1): 5’ TTAGGTACCATGGAAGCCCCAGCTCAG
CTTCTCTTCCTCCTGCTACTCTGGCTCCCAGATACCACC
GGACACAGCCACCGC 3’ ; reverse(P2): 5’ CGGCGAATTCC
TTGGAGG CAGTC 3’. All of these oligonucleotide primers
were synthesized by Shanghai BioAsia Bio-technology Co.Ltd.

PCR
The endostatin gene containing signal sequence of human



IgG γ chain was amplified by PCR taking pGEM-T-EN as
template and P1 and P2 as primers. PCR reaction was performed
in 25 µL volume containing: 1µL of plasmid DNA, 2.5 µL of
10×buffer, 0.5 mmoL Mg++, 5 nmol/L dNTP, 3 units of Taq
polymerase,10 nmol/L primers (forward and reverse). Reaction
conditions were at 95  for 5 min, then 30 cycles each at 95 
for 1 min, at 62  for 1 min, at 72  for 3 min, followed by a final
extension at 72  for 5 min. PCR products were purified by
UNIQUE-10 Kit (Shanghai Shenggong Biological Co.Ltd) after
20 g/L agarose gel electrophoresis.

Construction of recombinant eukaryotic plasmid expressing
secretive endostatin
PCR products and pVAX1 were digested by EcoRI and KpnI
(TaKaRa Biotechnology, Dalian) respectively, then purifed and
ligased with T4DNA ligase  (TaKaRa Biotechnology, Dalian) at
room temperature overnight. E.coli, DH5α, competent cells were
transfected using CaCl2. Recombinant clones were detected by
EcoRI and KpnI and then sequenced by Shanghai BioAsia Bio
technology Co.Ltd.

In situ expression of secretary endostatin
Five-to-six week old female BALB/c mice were injected
subcutaneously with 1×106 logarithmically growing H22 cells
to axillary. One week later, when tumor volume was about 0.4
to 0.5 cm3, naked plasmid or liposome-DNA complex
(LipofectamineTM2000 from Invitrogen) was administered
intratumorly. The ratio of liposome and recombinant plasmid
in liposome-DNA complex was 1:1, 1:3, 1:8 respectively.
Animals were sacrificed 3 d after injection and about 0.5 cm3

of tumor was separated and cut into pieces ,then cultured in
0.5 mL MEM medium with 100 mL/L of  FCS at 37 , 50 mL/L
CO2 atmosphere for 24 h. Supernatants were collected and
centrifuged at 1 000 r/min for 5 min, then stored at  -20  for
gene expression assay.

In vivo inhibition assay
One week after BALB/c mice were injected subcutaneously
with 1×106 logarithmically growing H22 cells to axillary, naked
recombinant plasmid (20 µg) or the liposome-DNA complex
containing 20 µg recombinant plasmid was administered
intratumorly once a week for two weeks. The ratio of liposome
and recombinant plasmid in liposome-DNA complex was 1:1.
pVAX1 and NS were respectively injected into animals as control.
The length (a) and width (b) of tumor were measured twice a
week. The tumor volumes were then calculated using the
formula: Volume=a×b2×0.52.
      The experiment was done in triplicate with 5 animals in each
group.

In vivo expression assay of endostatin
In order to determine the association of anti-tumor effects and
the expression level of endostatin, peripheral blood was
prepared from tail at different time point and serum was used to
detect the expression of endostatin with ELISA.

ELISA
Expression of endostatin was detected with human endostatinTM

protein accucyteR EIA kit (Oncogene) following the manufacturer’s
instructions.

Immunohistochemistry
Mice were killed 3 d after the fourth administration. Tumors
were excised, fixed in formalin and prepared for paraffin-
embedded sections. Factor VIII-related antigen was detected
with S-P immunohistochemistory kit (Beijing Zhongshan
Biocompany) according to the manufacturer’s instructions.

Tumor microvessel density (MVD) was evaluated as described
by Weidner[8].

Statistical analysis
All data were expressed as mean±SD. Student’s t -test was
used for statistical analysis. A P value <0.05 was considered
statistically significant.

RESULTS
Plasmid construction
Endostatin gene with signal sequence of human IgG γ chain
was amplified by PCR and cloned into eukaryotic vector pVAX1
named as pVAX-sEN. Two percent agarose gel electrophoresis
demonstrated two binds about 3 kb and 610 bp in size as expected
after the recombinant plasmid was digested by KpnI and EcoRI
(Figure 1). DNA sequencing analysis indicated both the
sequence of endostatin and signal peptide were in accordance
with those in the GenBank.

Figure 1  Detection of the recombinant plasmid pVAX-sEN
using EcoRI and KpnI digestion. A: Marker15 000; B: pVAX1
digested by EcoRI; C: Recombinant plasmid pVAX-sEN digested
by EcoRI; D: Recombinant plasmid pVAX-sEN digested by
EcoRI and KpnI.

In situ gene expression assay of naked DNA and liposome-DNA
complex
To compare the efficiency of gene transfection, expression of
endostatin transgenic protein at the tumor site of the treated
group was assayed with ELISA. Endostatins were detected in
all samples treated with naked or liposome-DNA complex but
not in the control groups (Figure 2). Endostatin expression was
about 30 ng/mL when the ratio of liposome and DNA was 1:1.
With the addition of the liposome into complex the expression
of endostatin was increased gradually. When the ratio reached
1:8, the endostatin was 92 ng/mL. Interestingly, naked DNA
administration could get a pretty high gene expression which
was about 86 ng/mL.

Figure 2  Comparison of in vivo transfection using different
ratios of liposome and DNA in liposome-DNA complex and
naked DNA.

       To compare gene transfection using liposome-DNA complex
containing different doses of DNA in vivo, liposome-DNA
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complex was prepared with the ratio of liposome and DNA 1:1
which contained different doses of DNA. Twenty-four hours
after transfection endostatins were detected by ELISA (Figure 3).
The result indicated that when DNA was less than 20 µg , with
the elevation of DNA doses, the expression of endostatin
increased. When the DNA dose reached 20 µg, endostatin
reached 152 ng/mL, the peak expression. On the contrary, when
the DNA reached 50 µg, the expression of endostatin dropped
to 80 ng/mL.

Figure 3  Comparison of in vivo transfection using liposome
complex (the ratio of liposome and DNA is 1:1) containing
different doses of DNA.

In vivo inhibitory effect of pVAX-sEN on mouse hepatoma cells
Changes of tumor volumes indicated pVAX-sEN-liposome
complex could obviously inhibit the growth of mouse hepatoma
cells when administered intratumorly (Figure 4). The tumor
volume was only 0.451±0.26 cm3, obviously less than that in
NS treated group (1.86±0.62 cm3) and pVAX1 treated group
(1.56±0.37 cm3) (P<0.05). The inhibition rate was about 73%.
Interestingly, pVAX-sEN alone could produce an inhibitory
effect. The tumor size in pVAX-sEN treated group was 0.4±0.25 cm3,
and the inhibitory rate was about 80%, which was not significant
from pVAX-sEN-liposome complex treated group (P>0.05).

Figure 4  Inhibitory effect of recombinant secretive endostatin
on mouse hepatoma cells.

Figure 5  In vivo endostatin expression in peripheral blood of
treated mice.

In vivo expression of endostatin
ELISA showed that the expression of endostatin in peripheral
blood varied with the administration of recombinant plasmid.
Three days after the first treatment of recombinant plasmid, both
naked and in combination with liposome, the expression of
endostatin could be detected (56.8±3.8 ng/mL and 54±5.8 ng/mL,
respectively. P>0.05) and then the expression decreased 2 d
later. After the second administration the expression raised to
79.8±6.1 ng/mL and 60.43±8.3 ng/mL and it could be lasted for
another 3 d. The expression level in naked plasmid treated mice
was lower than that in DNA-liposome complex treated mice
(50.1±6.3 ng/mL vs 70.4±6.4 ng/mL, P<0.05) (Figure 5).

Inhibition of tumor angiogenesis by pVAX-sEN
Immunohistochemical analysis showed a potent inhibition of
angiogenesis in tumors treated by pVAX-sEN. The MVD was
counted and results are shown in Figure 6. Expression of
endostatin mediated by naked pVAX-sEN or liposome-DNA
complex injection caused a significant reduction in MVD
compared with the NS control group or the pVAX1 treated
group (P<0.05). However, the difference in MVD between naked
DNA and liposome-DNA complex injection groups was not
statistically significant.

Figure 6  Inhibition of tumor neovascularization by injecting
recombinant plasmid.

DISCUSSION
Growth and metastasis of tumor depend on the neuvascularization.
Anti-angiogenesis can effectively suppress tumor growth.
Endostatin was found to specifically inhibit endothelial cell
proliferation but not actively proliferating cells such as carcinoma
cells, intestinal cells, epithelial cells, bone marrow cells[4]. So
the application of endostatin did not cause bone marrow ablation,
stomach and intestinal reaction, and other side effects[5].
Moreover, endostatin could be used for a long time without
drug resistance since its target cells, endothelial cells have a
relatively stable gene structure and low mutation rate[5,6].
Consequently endostatin is an attractive new strategy in cancer
therapy.
      Recombinant endostatin protein has been used in clinical
trials at present[9]. However poor solubility of recombinant
endostatin protein and its high effective dose have limited its
wide spread application[4]. Gene therapy by which endostatin
can express in vivo is an efficient method for anti-angiogenesis
cancer therapy[10-12].
       The key point of gene therapy is to establish an effective gene
delivering system. Vectors used to deliver genes nowadays mainly
include viral and non-viral vectors. Because of limitations of
viral vectors such as potent danger, immune response and
limitations of the gene length[13-15],  more and more researchers
have payed their attention to non-viral vectors. In this paper, a
highly safe vector pVAX1 authorized by FDA in clinical trial
was selected to construct a recombinant vector expressing
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secretive endostatin which was named as pVAX-sEN. DNA
sequencing indicated endostatin gene together with a signal
peptide was correctly cloned. Animal experiments showed
pVAX-sEN could efficiently suppress the growth of mouse
hepatoma cells. This study provides an experimental basis for
further study on safe and efficient gene therapy with endostatin.
        Non-viral gene can be transferred by physical and chemical
methods. The cationic liposome-mediated gene transfer system
is popular because of its low immunity, high safety, easy
preparation, no limitation to gene sequence and potential to be
used repeatedly[16,17]. Gene transfer efficiency of liposome can
be affected by many factors. Studies indicated that a suitable
quantity ratio of DNA and liposome was one of the essential
factors[18]. Naked DNA injection is another simple safe gene
transfer method. Many researchers have verified that naked DNA
administration could induce a high gene expression level[19,20].
In 2003 VEGF administered into cardiac muscle using naked
DNA was applied to clinical trial[21]. In our study, cationic
liposome was used to transfer endostatin DNA into mouse
hepatoma cells in vivo. It showed that when the quantity ratio
of liposome and DNA was 1:1, the expression of endostatin
was pretty high. When the quantity ratio was 1:8, endostatin
reached the highest expression (92 ng/mL). With the elevation
of DNA dose, the expression of endostatin increased. When
the DNA dose reached 20 µg, the expression of endostatin
amounted to 152 ng/mL. However, if DNA dose reached 50 µg,
the expression of endostatin dropped to 80 ng/mL. The possible
reason was that the high dose of liposome in the complex might
be deposited[18]. So the transfection efficiency was lower.
Results also indicated that naked DNA could also get a pretty
high gene expression (86 ng/mL). Our in vivo inhibition assay
even showed that naked DNA could get an inhibition as efficient
as DNA-liposome complex.In 2002, Shi et al.[22] compared the
transfection rate of naked DNA with liposome-DNA complex
and found the expression of IL-12 was equal. Their result is in
accordance with ours. However, in vivo gene expression assay
indicated that the peripheral expression of endostatin in naked
DNA treated mice decreased more quickly than that in DNA-
liposome complex treated mice.
       In conclusion, we successfully constructed the recombinant
vector secretively expressing endostatin using highly safe
vector pVAX1 named pVAX-sEN. Animal experiments showed
it could efficiently suppress the growth of hepatoma cells. It is
a promising method in cancer therapy. At the same time we
compared the transfection efficiency of naked pVAX-sEN DNA
with liposome-DNA complex. Results indicated naked DNA
could produce both a high endostatin gene expression and a
good tumor inhibition effect when used in situ, strongly
suggesting that naked DNA administration is a simple, safe
and efficient gene transfer method.
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Abstract

AIM: To investigate the expression level of plasma vascular
endothelial growth factor (P-VEGF) in patients with
hepatocellular carcinoma (HCC) and its relationship with
the clinicopathologic characteristics, and to examine the
changes of P-VEGF in the course of transcatheter arterial
chemoembolization (TACE).

METHODS: Peripheral blood samples were taken from 45
HCC patients before and 1, 3, 7 d, and 1 mo after TACE.
Plasma VEGF level was measured with the quantitative
sandwich enzyme-linked immunosorbent assay (ELISA).
Twenty patients with benign liver lesions and 17 healthy
control subjects were also included in this study.

RESULTS: Plasma VEGF levels in HCC patients were
significantly elevated as compared to those in patients with
benign liver lesions (P = 0.006) and in the normal controls
(P = 0.003). Significant differences were observed when
P-VEGF was categorized by tumor size (P = 0.006), portal
vein thrombosis (P = 0.011), distant metastasis (P = 0.017),
arterial-portal vein shunting (P = 0.026), and International
Union Against Cancer (UICC) TNM stage (P = 0.044). There
was no correlation between plasma level of VEGF and the
level of alpha fetoprotein (α-FP) (r = 0.068, P = 0.658) and
weakly correlated with the number of platelets (r = 0.312,
P = 0.038). P-VEGF levels increased significantly and
reached the peak value on the first day after TACE, and then
decreased gradually. The change rate of P-VEGF concentration
(one month post-TACE/pre-TACE×100%) was correlated
with the retention rate of lipiodol oil (r s = 0.494, P = 0.001)
and the tumor volume change (r s = 0.340, P = 0.034).
The patients who achieved a partial or complete response
to TACE therapy showed significantly less pre-treatment
P-VEGF than those nonresponders (P = 0.025). A high pre-
therapeutic P-VEGF level was associated with poor response
to treatment (P = 0.018).

CONCLUSION: A high pre-treatment P-VEGF level is a
useful marker for tumor progression, especially for vascular

invasion. TACE increases the level of P-VEGF only
temporarily which may be associated with tumor ischemia.
P-VEGF may be useful in predicting treatment response,
monitoring disease course after TACE and judging the effect
of different TACE regimens.

Li X, Feng GS, Zheng CS, Zhuo CK, Liu X. Expression of plasma
vascular endothelial growth factor in patients with
hepatocellular carcinoma and effect of transcatheter arterial
chemoembolization therapy on plasma vascular endothelial
growth factor level. World J Gastroenterol  2004; 10(19):
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INTRODUCTION
Transcatheter arterial chemoembolization (TACE) is the most
frequently applied palliative treatment in HCC patients who are
considered to be unsuitable candidates for surgery. But the
indications and outcome of TACE are not clearly defined in the
literature[1,2]. TACE therapy is invasive and associated with
high financial costs[3]. To predict which patients are likely to benefit
from TACE would be useful to both oncologists and patients.
     Tumor angiogenesis is essential for solid tumorigenesis,
growth, invasion and metastasis[4-6]. Tumor angiogenesis is
mediated by angiogenic factors and vascular endothelial growth
factor (VEGF) is one of the most potent factors. Strong VEGF
expression has been demonstrated in various solid tumor types.
In HCC, VEGF expression in tumor tissue has been reported to
be correlated with aggressive behavior, early metastasis spread,
and poor prognosis[7,8]. Recently, the expression of VEGF in
patients with various malignancies has been made possible by
measuring circulating VEGF concentrations with the enzyme-
linked immunosorbent assay (ELISA)[9]. The elevation of VEGF
in blood implies a promotion of tumor angiogenesis, and several
studies have revealed the predictive value of circulating VEGF
level in disease progression and prognosis in various types of
cancer[10,11]. Raised pre-treatment circulation VEGF levels in small-
cell lung carcinoma, esophageal carcinoma, gastrointestinal
cancer and non-Hodgkin’s lymphoma have been associated
with a poor outcome[12-15].
     Although elevated circulation VEGF levels have been
measured in patients with various tumors. To our knowledge
few data are available with regard to plasma VEGF (P-VEGF)
levels in patients with HCC[16]. Data concerning the change of
P-VEGF in the course of TACE therapy and its significance in
prediction of patient’s response to chemoembolization have
not been reported to date.
      Therefore, in this prospective study, we analyzed the P-
VEGF level in patients with HCC prior to treatment to determine
the clinicopathologic significance of P-VEGF, and to assess
the clinical usefulness of pre-treatment P-VEGF as a predictor
of outcome in patients undergoing TACE therapy for HCC.



MATERIALS AND METHODS
Patients and treatment design
The study consisted of 45 patients (37 males, 8 females, mean
age 50 years, range 29-77 years) with unresectable HCC who
underwent TACE at the Department of Interventional Radiology,
Wuhan Union Hospital between October 2000 and February
2002. HCC was diagnosed by distinctive radiographic findings,
serum alpha fetoprotein, and with (n = 8) or without histological
proof. All patients were treated with TACE therapy alone without
any other therapies such as surgery, percutaneous ethanol
injection, or systemic chemotherapy. The chemoembolization
agents consisted of 100 mg/m2 of carboplatin, 50 mg/m2 of
doxorubicin hydrochloride, 1 g of 5-fluorouracil and 5-25 mL of
iodized oil (Lipiodol; Guerbet, Aulnay-sous-Bois, France). For
those with hepatic arterial-portal vein fistula, gelfoam piece
was used to block the fistula before iodized oil was used.
     Twenty patients underwent TACE therapy for benign
diseases (ten patients underwent partial hepatic artery
embolization for hepatic cavernous angioma, ten patients
underwent partial spleen artery embolization for hypersplenism)
and seventeen healthy volunteers were also involved in this
study, served as control to evaluate the P-VEGF cut-off level.

Clinicopathologic data
Physical examination, chest X-ray, routine liver function test
were performed. Complete blood count, hepatitis B surface
antigen status and serum alpha fetoprotein (α-FP) were
prospectively collected from each patient. Tumor characteristics
such as size, location, capsular, portal vein involvement, lymph
node or extrahepatic metastasis, were assessed on the basis of
radiographic findings. Tumor vascularity and arteio-portal vein
shunting (A-V shunting) were studied by superselective digital
subtraction angiography (DSA). Tumor staging was performed
using the International Union Against Cancer (UICC) TNM
classification[17].

Blood sampling and enzyme immunoassay of P-VEGF concentration
Peripheral venous blood was taken before (n = 45) and 1 (n = 30),
3 (n = 44), 7 (n = 18) and 1 mo (n = 45) after TACE therapy. Blood
samples were collected in sterile glass tubes containing 0.057 mL
of 15% EDTA. Plasma was separated by centrifugation at
2000 r/min for 15 min to eliminate platelets and stored at -70 
till use.
      Plasma VEGF was measured in duplicate by commercially
available ELISA kits (Quantikine human VEGF, R&D System,
Minneapolis, MN, USA). According to the manufacturer the
minimal detectable dose of VEGF was <5.0 ng/L, the intra-assay
and the inter-assay variabilities were 6.7-5.1% and 8.8-6.2%,
respectively. Absorbance was determined using a biokinetics
reader EL312e (Bio-Tek Instruments, Winooski, VT, USA) at
450 nm.

Definition of response to TACE treatment
Response to treatment was assessed by image examinations
one month after TACE Therapy. Treatment was evaluated
according to the tumor volume change and retention rate of the
iodized oil. The tumor volume was calculated using the summed
products of the longest dimensions of the lesion, and patients
were categorized as responding group (tumor size decrease or
stable, no new-born nest) and non-responding group (enlargement
of the tumor or the presents of new-born nest). According to
the retention rate of the oil, patients were categorized as groups
>75%, 50-75%, 25-50% and <25%.

Statistical analysis
Statistical analysis was carried out by the SPSS 10.0 packed
program. To investigate the relationships between P-VEGF

levels and other variables, t test, ANOVA test, Chi-square test,
Fisher exact probability test, correlation coefficient (r) and
spearman’s rank correlation (rs) were used when appropriate.
P<0.05 based on a two-tailed test was considered statistically
significant.

RESULTS
Pre-TACE P-VEGF in patients with HCC
The pre-operative P-VEGF levels were significantly higher in
HCC patients (63.83±51.09 ng/L) than those in benign liver
diseases (28.99±6.67 ng/L) (P = 0.006) and in healthy controls
(25.60±5.47 ng/L) (P = 0.003). There was no significant difference
in P-VEGF levels between the patients with benign liver diseases
and healthy control. The sensitivity of P-VEGF in detecting
HCC, using the mean P-VEGF of the patients with benign liver
diseases (28.99 ng/L) as cut-off level, was found to be 73.3%
with 62.2% specificity.

Correlation between pre-TACE P-VEGF and clinicopathologic
features
There was no significant association between pre-TACE P-VEGF
levels and various clinical and laboratory variables, except the
gender (t = 4.111, P = 0.003). There was a weak correlation
between P-VEGF levels and the platelet number (PLT) (r = 0.312,
P = 0.038) and no correlation with the levels of α-FP (r = 0.068).
      There was no significant association between the P-VEGF
level and the presence of cirrhosis, tumor location, tumor
capsule, ascites, lymph node metastasis, or the tumor
vascularity. Significant differences were observed when P-VEGF
was categorized by tumor size (P = 0.006), distant metastasis
(P = 0.017), portal vein thrombosis (P = 0.011), arterio-portal
vein shunting (P = 0.026), and advanced TNM stage (P = 0.044)
(Table 1, Figure 1).

Figure 1  Mean plasma vascular endothelial growth factor
levels at each disease stage in patients with hepatocellular
carcinoma.

      Using mean concentration of TII tumors as cut-off level,
P-VEGF was able to predict TIII/TIV tumors with 75.9%
sensitivity and 62.5% specificity. Using mean concentration of
portal vein thrombosis of negative tumors as cut-off level, P-VEGF
was found to have a sensitivity of 62.5% and a specificity of
64.9% in detecting portal vein thrombosis of positive tumors.
Using mean concentration of the distant metastasis-free group
as cut-off level, P-VEGF was able to exclude distant metastasis
with a negative predictive value of 89.3%, a sensitivity of 50%
and a specificity of 64.1%. P-VEGF could predict the presence
of A-V shunting with 75% sensitivity and 67.6% specificity by
using mean concentration of the non-A-V shunting patients as
cut-off level (Table 2).

Change of P-VEGF levels during TACE course
P-VEGF levels were significantly elevated in patients with HCC
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Figure 2  Effect of TACE on mean plasma vascular endothelial
growth factor levels.

on the first post-TACE day  (102.97±89.26 ng/L) compared to
pre-TACE (63.83±51.09) (P = 0.018). Then VEGF level
decreased gradually to 84.04±79.16 ng/L on the third day
and 76.08±45.38 ng/L on the seventh day post-TACE, showing
no statistical difference with pre-TACE P-VEGF levels (Figure 2).

A similar change of P-VEGF was found in patients who
underwent TACE for treatment of benign liver diseases (data
not shown).
       One month after TACE, the P-VEGF level was 71.47±50.87 ng/L,
no statistical difference was found between them and pre-TACE
P-VEGF levels.

Correlation between P-VEGF and response to TACE therapy
Treatment response was evaluated according to the change in
tumor volume and retention of the oil. Forty five patients were
categorized as responding group (18 cases) and non-responding
group (27 cases). The change rate of P-VEGF levels was associated
with the change in tumor volume (r s = 0.340, P = 0.034). No
statistic difference was found between changes in α-FP levels
and tumor volume (r s = 0.230, P = 0.138).
      The pre-TACE P-VEGF level in non-responding group
(73.33±70.32 ng/L) was significantly higher than that in the
responding group (49.52±25.33 ng/L, P = 0.025). The response
rate of the low VEGF group (P-VEGF<49.5 ng/L) was significantly
higher than that of the high VEGF group (P-VEGF>49.5 ng/L) (51.6%
vs 14.29%; P = 0.018, Fisher exact probability test) (Table 3).

Table 1  Pre-TACE plasma VEGF levels in patients categorized by radiological parameters

Group                No. of patients       Median plasma VEGF (ng/L)       Statistic value             P value

Cirrhotic liver No 13   80.15    t = 1.380 0.175
Yes 32   57.19

Tumor location Left lobe   4   77.82    F = 0.275 0.843
Right lobe 26   66.62
Spiegel’s lobe   5   50.38
Multiple lobe 10   57.68

Tumor capsule No 32   68.15    t = 0.888 0.379
Yes 13   53.18

Ascites No 37   62.81    t = 1.151 0.280
Yes   8   82.60

Lymph node involvement No 39   61.68    t = 1.677 0.101
Yes   6 101.31

Tumor vascularity Hypervascularity 31   75.59    F = 0.922 0.406
Median   9   55.31
Hypovascularity   3   39.1

Tumor size <5 cm   7   27.57    F = 5.804 0.006
5-10 cm 22   55.59
>10 cm 11 101.54

Portal vein thrombosis No 37   57.97    t = 2.669 0.011
Yes   8 104.79

Extra hepatic metastasis No 39   59.39    t = 2.483 0.017
Yes   6 116.18

TNM classification Stage II 16   36.55    F = 2.937 0.044
Stage III 12   71.23
Stage Iva 11   79.72
Stage Ivb   6   92.63

Arterio-portal vein shunting No 37   56.03    t = 2.283 0.026
Yes   8   99.9

TNM: tumor-node-metastasis. Tumor vascularity and arterial-portal vein shunting were studied by superselective digital sub-
traction angiographic (DSA).

Table 2  Effect of different VEGF levels on specificity and sensitivity in predicting tumor load in patients with HCC

                                                         Cut-off VEGF                Sensitivity                     Specificity               Positive              Negative predictive
                                                     value (ng/L)                        (%)                                  (%)             predictive value (%)           value (%)

TII and TIII/IV 36.55 75.9 62.5      78.6    58.8
Portal vein thrombosis 57.97 62.5 64.9      27.8    88.8
Extra hepatic metastasis 59.39 50 64.1      17.6    89.3
Arterio-portal vein shunting 56.03 75 67.6      33.3    92.6
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       According to the retention rate of the iodized oil, 45 patients
were classified as follows: 11 cases >75%, 16 cases 50 - 75%,
9 cases 25 - 50% and 9 cases <25%. The change rate of P-VEGF
levels was strongly associated with oil retention (r s = 0.494,
P = 0.001). No statistical difference was found between the
change rate of α-FP and oil retention (r s = 0.209, P = 0.179).

DISCUSSION
By alternate splicing of the VEGF gene, VEGF could exist at
least in one of the four forms, namely, VEGF206 (tissue bound),
VEGF189 (tissue bound), VEGF165 (the most abundant form,
soluble, and partly tissue bound) and VEGF121 (soluble)[18].
Compared with bioassays, detection of soluble VEGF isoforms
with immunoassay was characterized by low detection limits
and greater specificity, reproducibility, and practicability[19,20].
       Recently, serum VEGF was measured by an enzyme-linked
immunosorbent assay (ELISA) in patients with various types
of cancer[20]. Increased levels of VEGF were demonstrated in
most patients with cancer and closely related to tumor
progression and metastasis[21,22]. However, some studies have
shown that VEGF is not only secreted from tumor cells but also
from a variety of CD34+ hematological cells (including platelets,
megakaryocytes, monocytes, T-lymphocytes and leukocytes)
during clotting[23]. Serum VEGF concentrations could reflect
blood platelet counts rather than VEGF synthesis by tumor
tissues, and plasma rather than serum should be considered
suitable for the measurement of circulating VEGF[24]. So in our study,
plasma VEGF concentrations were analyzed and ethylenediamine
tetraacetic acid (EDTA) was used as anticoagulant.
      Hepatocellular carcinoma (HCC) is a highly vascular tumor
characterized by neovascularization and a high propensity for
venous invasion. A strong VEGF expression was observed in
the tissue of HCC and closely associated with tumor progression
and metastasis[6]. Recently, Poon et al.[25] reported that serum
VEGF level was significantly elevated in patients with HCC,
and significantly high serum VEGF levels were associated with
the absence of tumor capsule, the presence of venous invasion
and microsatellite modules, and advanced TNM stage. Li et al.[26]

also considered that serum VEGF was a predictor of invasion and
metastasis of HCC. To our knowledge, only one previous study
measured P-VEGF changes in HCC patients. Jinno et al.[16]

reported that P-VEGF was a promising tumor marker for remote
metastasis of HCC and its specificity, sensitivity and overall
accuracy were high enough to be clinically useful.
      In the current study, pre-TACE P-VEGF was found to be
markedly elevated in the majority of patients with HCC and the
increase was closely related to a more advanced stage of diseases.
This finding suggested that HCC cells were an important source
of P-VEGF. But the lower P-VEGF levels in HCC patients
overlapped considerably with those in normal controls, thus
limiting the application of VEGF as a tumor marker in early
detection of HCC.
      We found that high P-VEGF levels were associated with the
presence of extrahepatic metastasis and portal vein involvement.
Because vascular invasion by tumor cells is indispensable for
remote metastasis, metastasis, portal vein involvement and A-V
shunting can reflect the ability of tumor cells to invade blood
vessels. These results indicated that P-VEGF could be used as
a tumor marker in detecting vascular invasive phenotypes of

HCC. It is clinically important to search for the metastasis
radiologically in patients with high P-VEGF levels.
      In the present study, there was a weak correlation of PLT
number with P-VEGF level. It has been suggested that platelets
aggregate at metastatic sites, due to factors released from metastatic
cells and vascular invasion, resulting in microthrombosis, tumor
adhesion, and may release VEGF to the circulation[27,28]. Therefore,
we considered that in metastatic HCC patient platelet activation
was a part of the sources of plasma VEGF.
     The finding that there was no significant association
between the P-VEGF level and tumor vascularity shown by
DSA is of great interest. This might suggest that circulation
VEGF levels could reflect the formation of new vessels rather
than the degree of existing tumor vascularity.
      No correlation was found between P-VEGF and serum α-FP,
suggesting that they had different mechanisms of production,
and P-VEGF might be an independent predictive factor.
      Suzuki et al.[29] found serum VEGF increased significantly
and reached the peak value 7 d after TACE, suggesting that
VEGF might play a role as a sensitive marker for tumor ischemia.
We observed that P-VEGF increased and reached the peak value
on the first day after TACE and then decreased gradually. We
thought that the changes of serum VEGF during TACE might
be associated with chemotherapy-induced thrombocytopenia
and a subsequent rebound increase in platelet number[30].
Although the exact mechanism is currently unknown, hypoxia
caused by TACE, clotting and platelets aggregation after TACE,
tumor cell lysis (and release of VEGF)[31], elevation of VEGF in
acute hepatitis[32], and tissue trauma[33] might contribute to the
increase of P-VEGF in the early post-TACE period.
     It has been reported that high pre-treatment levels of
circulating VEGF are correlated with a poor response to the
conventional chemotherapy[12-15]. Similar results were found
that the mean P-VEGF of the responding group was significantly
higher than that of the non-responding group. Two treatment
response indicators (tumor volume change and retention of
the iodized oil) were associated with the change rate of P-VEGF
levels rather than the change rate of α-FP. These results
indicated that P-VEGF might act as a follow-up marker for post-
TACE monitoring of the disease course and evaluation of
curative effect, especially in α-FP negative patients. It may be
useful in predicting treatment response and judging the effect
of different TACE regimens.
      In summary, P-VEGF level is an independent predictive
factor of tumor progression, especially vascular invasion. TACE
increases the level of P-VEGF only temporarily which may be
associated with tumor ischemia. P-VEGF may be useful in
predicting treatment response, monitoring disease course after
TACE and judging the effect of different TACE regimens.
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Abstract

AIM: To quantify the inhibition of HBV replication by targeted
ribonuclease by using real-time fluorescent PCR.

METHODS: Targeted ribonuclease was introduced into 2.2.15
cells by liposome-mediated transfection or HIV-TAT mediated
protein transduction. Forty-eight hours after the transfection
and 24 h after the transduction, supernatants of 2.2.15 cells
were collected and HBV DNA in the supernatants was
quantified by real-time fluorescent PCR with a commercial kit.

RESULTS: HBV DNA concentrations in the supernatants of
2.2.15 cells transfected or transducted with targeted
ribonuclease were 4.9±2.4×108 copies/L and 8.3±4.0×108

copies/L, respectively. Compared with controls, transfection
or transduction of targeted ribonuclease reduced HBV DNA
concentration in the supernatants of 2.2.15 cells by 90.4%
and 90.1%, respectively (P<0.05).

CONCLUSION: Targeted ribonuclease can inhibit HBV
replication in 2.2.15 cells.

Liu J, Li YH, Ding J, Gong WD, Xue CF, Zhao Y, Huang YX.
Quantifying anti-HBV effect of targeted ribonuclease by
real-time fluorescent PCR. World J Gastroenterol  2004; 10
(19): 2883-2885
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a major health problem
worldwide. Globally, more than 350 million people are infected
with HBV, and some of them will evolve into liver cirrhosis and
hepatocellular carcinoma (HCC). Current treatment regimens for
chronic HBV infection, including interferon-γ, lamivudine, adefovir,
or different combinations of these drugs, have only a limited long-
term efficacy, but many adverse effects and drug resistance[1,2].
Therefore, the exploration of novel treatment strategies for HBV
infection is both necessary and urgent. In fact, many ingenious
treatment strategies have been tested for inhibition of HBV
replication, such as antisense nucleotides, ribozymes, intracellular
antibodies, targeted nucleases, RNA interference[3-13]. All of them
can inhibit HBV replication to various degrees.
     To explore alternative treatment methods against HBV

infection, targeted ribonuclease (TN), a fusion protein of HBVc
and human eosinophil-derived neurotoxin (hEDN), was
constructed and its effect on HBV replication was tested. After
the targeted ribonuclease was introduced by transfection or
transduction into 2.2.15 cells, a cell model of HBV infection, we
found that it significantly reduced the serological markers of
HBV replication, namely HBsAg and HBeAg, in the supernatants
of 2.2.15 cells, suggesting that the targeted ribonuclease could
inhibit HBV replication.
      To further characterize the anti-HBV effect of the targeted
ribonuclease, the HBV DNA was quantified in the supernatants
of 2.2.15 cells treated by the targeted ribonuclease. Our results
showed that the targeted ribonuclease markedly reduced HBV
DNA concentration in the supernatants, which together with
our previous findings, demonstrate that HBV replication can
be inhibited by targeted ribonuclease.

MATERIALS AND METHODS

Cell culture
2.2.15 cells, a human hepatoblastoma Hep G2 cell line stably
transfected by HBV genome, were cultured in Dulbecco’s
modified Eagle’s medium (DMEM, purchased from Gibco Life
Technologies, Grand Island, NY) supplemented with 100 mL/L
fetal calf serum (Sijiqing Biotech Company, Hangzhou, China).

Transfection
The transfection methods were previously described[14]. Briefly,
twenty-four hours before transfection, 2.2.15 cells were seeded
into a culture plate at the density of 2×108/L. LipofectamineTM

2000 reagent (Gibco Life Technologies) was used for the
transfection of 2.2.15 cells by p/TN, p/TNm, p/hEDN, p/HBVc,
pcDNA3.1 (-), or mock solution (DMEM plus LipofectamineTM

2000 reagent containing no plasmid) according to the manufacturer’s
protocol. p/TN, p/TNm, p/hEDN and p/HBVc are the eukaryotic
expression plasmids for targeted ribonuclease, point-mutated
targeted ribonuclease without ribonuclease activity, human
eosinophil-derived neurotoxin, and HBV core protein, respectively.

Transduction
2.2.15 cells were seeded into a culture plate at the density of
2×108/L. Twenty-four hours later, purified recombinant proteins
with protein transduction domain, TAT-TN, TAT-TNm, TAT-
hEDN, and TAT-HBVc were added into the culture medium. For
mock transduction, an equal volume of DMEM instead of protein
was added into the culture medium.

Real-time fluorescent PCR
Forty-eight hours after transfection and 24 h after transduction,
the supernatants of 2.2.15 cells were collected and HBV DNA
in the supernatants was quantified by using fluorescent PCR
kit for quantification of HBV DNA (Daan Gene Company,
Guangzhou, China) according to the manufacturer’s protocol.
PCR primers were: P1: 5’ATCCTGCTGCTATGCCTCATCTT3’,
P2: 5’ ACAGTGGGGAAAGCCCTACGAA3’. The probe was
5’TGGCTAGTTTACTAGTGCCATTTTG3’. PCR reaction was
analyzed by PE 5700 (Perkin Elmer, USA).
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Statistical analysis
All data were analyzed by SPSS 10.0 software. Differences were
considered statistically significant when P<0.05.

RESULTS
HBV DNA in the supernatants of 2.2.15 cells transfected or
transducted with the targeted ribonuclease and controls was
quantified by real-time fluorescent PCR. The results are shown
in Figure 1. Compared with the controls, HBV DNA concentration
in the supernatant of 2.2.15 cells was markedly reduced by
the targeted ribonuclease, which was introduced into the cells
by both pathways, i.e. transfection and transduction. The
transfected targeted ribonuclease reduced HBV DNA
concentration by 90.4% and the transducted targeted
ribonuclease by 90.1% (P<0.05). Either hEDN or HBVc alone
had no such an effect, indicating that it was the fusion protein
itself, i.e. the targeted ribonuclease, but not its constituent
molecules that exerted the anti-HBV effect. Interestingly, TNm
which was mutated at just one amino acid residue (Lys113 Arg)
but had no ribonuclease activity as compared with TN, did not
decrease HBV DNA concentration either, suggesting that the
ribonuclease activity was needed in the anti-HBV effect of the
targeted ribonuclease. To exclude the possibility that the anti-
HBV effect of the targeted ribonuclease was due to nonspecific
killing of 2.2.15 cells, we also detected cell viability of the
transfected and transducted cells by MTT assay. The results
showed that the targeted ribonuclease had no adverse effects
on cell viability and proliferation as compared with controls
(P>0.05, data not shown).

Figure 1  HBV DNA concentration in the supernatants of
tranfected and transducted 2.2.15 cells. A: HBV DNA concen-
tration in the supernatants of transfected 2.2.15 cells. TN, TNm,
hEDN, HBVc, pcDNA3.1 (-), and MOCK represent the super-
natants collected from 2.2.15 cells transfected by p/TN, p/TNm,
p/hEDN, p/HBVc, pcDNA3.1 (-), or mock solution (DMEM
plus LipofectamineTM 2000 reagent containing no plasmid),
respectively. B: HBV DNA concentrations in the supernatants
of transducted 2.2.15 cells. TAT-TN, TAT-TNm, TAT-hEDN,
TAT-HBVc, and MOCK represent the supernatants collected
from 2.2.15 cells transducted by purified proteins of TAT-TN,
TAT-TNm, TAT-hEDN, TAT-HBVc, or mock solution (DMEM),
respectively.

DISCUSSION
Real-time fluorescent PCR is a simple, sensitive, specific and
precise method to quantitate nucleic acids over a vast dynamic
range[15]. Due to these advantages, real-time fluorescent PCR
has been widely used in both basic research and clinical
diagnosis to measure the quantity of nucleic acids. As for HBV,
real-time fluorescent PCR has been used in monitoring viral
load during the course of antiviral treatment to evaluate the
efficacy of the treatment and predict the possibility of
emergence of drug-resistant variants, in the analysis of anti-
HBV effect of small interfering RNA transfected into HBV-
producing cell lines, and in the study of HBV pathogenesis[10,16-19].
In the current research, we also used real-time fluorescent PCR
to precisely quantify HBV DNA in the supernatants of 2.2.15
cells to detect the effect of the targeted ribonuclease on HBV
replication. The targeted ribonuclease reported here is a fusion
protein against HBV infection constructed by us, based on the
principle of capsid-targeted viral inactivation (CTVI)[5,20]. Our
previous studies showed that it significantly reduced HBsAg
and HBeAg in the supernatants of 2.2.15 cells, suggesting that
the targeted ribonuclease could inhibit HBV replication. In
consistent with our previous findings, in this study we observed
the targeted ribonuclease notably reduced HBV DNA in the
supernatants of 2.2.15 cells. Taken together, these results
demonstrate that the targeted ribonuclease strongly inhibits
HBV replication. The targeted ribonuclease may therefore be
one of the promising alternative anti-HBV agents which are
being studied in the pursuing of a satisfactory treatment for
chronic HBV infection.
     Although the precise mechanism of anti-HBV effect of
targeted ribonuclease still remains unknown and awaits further
study, the principle of capsid-targeted viral inactivation (CTVI)
implies that it may specifically recognize pregenomic RNA (pgRNA)
of HBV, the template for HBV replication, intracellularly by the
HBVc domain of fusion protein, and then degrades pgRNA by
the hEDN domain. This will in turn lead to a decrease in the
replication of HBV DNA and synthesis of viral proteins, which
finally results in a reduction of extracellular HBV DNA and viral
proteins (HBsAg and HBeAg). In fact, we have found that
purified targeted ribonuclease can degrade RNA in vitro
(unpublished data) which supports this mechanism.
Experiments are ongoing in this laboratory to clarify the
mechanism and to apply the targeted ribonuclease to small
animal models.
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Abstract

AIM: To study the expression of survivin,a novel member
of inhibitors of apoptosis protein (IAP) and its significance
in colorectal carcinoma.

METHODS: Survivin mRNA expression was evaluated by
semi-quantitative reverse transcriptase polymerase chain
reaction (RT-PCR) in 52 colorectal carcinoma samples and
48 adjacent normal colorectal tissue samples. PCR product
was sequenced to verify the desired result. Expressions of
survivin protein, proliferating cell nuclear antigen labelling
index (PI) and apoptotic index (AI) were detected
immunohistochemically in 52 human colorectal carcinomas.

RESULTS: The expression of survivin mRNA was detected
in a significantly greater proportion of colorectal carcinoma
samples than in adjacent normal colorectal tissues (67.3%
vs 25%; P<0.01). There was no relationship between
survivin mRNA expression in colorectal carcinomas and
sex, tumor size, histological types, lymphnode metastasis,
distant metastasis and Dukes’ stage. The PCR product
shared 99% of homology with human counterparts. Survivin
expression was observed immunohistochemically in 27 of
52 cases of colorectal carcinoma (51.9%). The AI was
significently lower in survivin positive group than in survivin
negative group (0.67±0.18% vs 1.14±0.42%; P<0.001),
while the PI was greater in survivin positive group than in
survivin negative group (51±22% vs 27±18%, P<0.001).

CONCLUSION: Survivin is a special tumor marker independent
of histopathological characteristics. It may play an important
role during human colorectal tumorigenesis by inhibiting
apoptosis and accelerating proliferative activity of colorectal
tumor cells.

Chen WC, Liu Q, Fu JX, Kang SY. Expression of survivin and
its significance in colorectal cancer. World J Gastroenterol
2004; 10(19): 2886-2889
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INTRODUCTION
Apoptosis is an evolutionally conserved genetic program of

cellular suicide and also central to the homeostasis of adult
tissues by maintaining the balance between cell production
and cell elimination. There is compelling evidence that defects
in apoptosis contribute to human diseases such as malignancies.
In the evolution of colorectal cancer (CRC) the imbalance
between cell proliferation and cell apoptosis may be an important
potential factor. A large number of evidences show that many
molecules such as p53 and bcl-2 are involved in the regulation
of apoptosis during colorectal tumorigenesis. The inhibitor of
apoptosis proteins(IAPs), which are widely expressed in all
kinds of malignacies, is encoded by the highly-conservative
anti-apoptosis gene family and plays an important role in the
regulation of apoptosis. IAP molecules contain 1-3 copies of a
-70 amino acid zinc-finger fold, and designate the baculovirus
IAP repeat (BIR) and their mechanism of action has been directly
attributed to the binding of Caspases,thus preventing enzyme
activity of the Caspases[1,2]. Among molecules of the IAP family,
survivin, a novel anti-apoptosis gene is prominently expressed
in CRC and several other malignancies[3,13-18]. The role of survivin
in blocking apoptosis is unclear and its ability to inhibit
Caspase-3 activity has been widely debated[3-5]. Survivin may
paly an important role in the development of CRC. The present
study was to examine the expression of survivin in CRC and to
evaluate the association between expression of survivin and
clinicopathological characteristics of patients with CRC. We also
investigated the significence of survivin expression in CRC.

MATERIALS AND METHODS
Patients
Specimens used for this study were obtained from 52 carcinomas
and 48 adjacent normal tissures from the resection margins at
the First Affiliated Hospital of Suzhou Univercity. The suspected
de novo cancers and patients with a known familial colon cancer
syndrome history were excluded. All patients had received
neither chemotherapy nor radiation therapy before tumor
resection. The diagnosis and histopathologic classification were
determined according to the General Rules for Pathologic
Studies of National CRC Cooperation Group. In CRC patients,
there were 31 males and 21 females, and the mean age of the
patients was 61.1 years. According to histological differentiation
grade, 52 cases of CRC were classified as well, moderately and
poorly differentiated subgroups which included 6, 39 and 7
cases respectively. Seven, 19, 17 and 9 cases were staged as
Dukes’ A, B, C and D respectively. After washed with
physiological saline, all cancer tissue samples were cut into
two pieces by sterile blade.One piece was fixed with formalin
for H&E, the other was frozen in liquid nitrogen immediately
after the lesion was resected and stored at -80  for subsequent
assay.

Semi-quantitative RT-PCR
Briefly, total RNAs were extracted from colorectal cancer and
normal mucosae, using TRIzol reagent (Life Technologies,
Rockville, MD). Prepared RNA (2 µg) was mixed with the random
hexamer (100 ng) ,incubated for 5 min at 70 , and then quickly
chilled at 4 for 5 min. RNA samples were reverse-transcriped
at 37  for 60 min into first-strand cDNA in reverse transcription
solution [50 mmol/L Tris-HCl (pH8.3), 40 mmol/L KCl, 8 mmol/L



MgCl2, 0.5 mmol/L each dNTP, 225 mg/mL BSA, 5 mmol/L DTT,
25 units of RNasin (Promega, Madison, WI), and 200 units of
Mo-MLV reverse transcriptase (Life Sciences, Rockville, MD)]
with a total volume of 40 µL. The cDNA samples were incubated
at 95  for 5 min to inactivate the reverse transcriptase and
then chilled. The samples were amplified by adding of 50 µL
of PCR mixture [50 mmol/L Tris-HCl (pH 8.3), 40 mmol/L KCl,
2 mmol/L MgCl2, 0.2 mmol/L each dNTP, 10 pmoL of each sense
and antisense primer, and 1.5 units of Taq polymerase(MBI,)].
Amplification of β2-microglobulin (β2-MG) gene was performed
28 cycles, each for 30 s at 94 , for 30 s at 58 , and 60 s at 72 ,
followed by an extension at 72  for 7 min. Amplification of
survivin gene was performed 32 cycles,each for 45 s at 94 , 45 s
at 61 , and for 60 s at 72 , followed by an extension at 72 
for 7 min. The products were electrophoresed on 15 g/L agarose
gels and then scanned. Specific primers for survivin gene,
targeting a 528-bp fragment, were: 5’-TTGAA TCGCG GGACC
CGTTG G-3’ (sense) and 5’-CAGAG GCCTC AATCC ATGGC
A-3’(antisense). As internal standards, β2-microglobulin (β2-
MG) gene was used. Primer pairs specific to β2-MG gene,
targeting a 330-bp fragment, were used sense: 5’-CTCGC
GCTAC TCTCT CTTTC-3’ and antisense: 5’-CATGT CTCGA
TCCCA CTTAA-3’.

Sequencing of survivin
The PCR products of survivin were isolated and purified using
UNIQ-10 purification kit (MBI) and then ligated with pGEM
easy T vector by T4 DNA ligase and transformed E. coli JM109.
Recombinant vectors were identified through EcoRI digestion
and agarose gel electrophoresis. Positive plasmids were sequenced
by an ABI PRISM 377 DNA sequencer (Perkin-Elmer Company).

Immunohistochemistry
Immunohistochemical staining of survivin was performed by
SP method. For PCNA, SABC method was performed. TUNEL
assay was used to detect apoptosis. In brief, paraffin sections
(4 µm thick) were dewaxed, dehydrated, and then immersed in a
10-3mol/L sodium citrate buffer (pH 6.0). For detection of survivin,
antigen retrieval was performed by boiling the sections for
20 min in a pressure cooker. For detection of PNCA, the sections
were heated in a microwave oven for 10 min to retrieve the antigens.
Endogenous peroxidase was inactivated by incubating the
sections with 30 mL/L hydrogen peroxide.Nonspecific reactions
were blocked by bovine serum. The sections were incubated
with a primary antibody overnight at 4 . The antibody used
was an 8E2 monoclonal antibody(Chemcon, USA) at 1:5
dilution. Rinsed with PBS, the sections were incubated for
30 min at 37  with biotinylated secondary antibody and
streptavidin conjugated to horseradish peroxidase, respectively.
After three rinse with PBS, the sections were incubated with
diaminobenzidine substrate, then rinsed with distilled water
and counterstained with hematoxylin. As a negative control,
PBS was used instead of the primary antibody. PCNA (Maxim,
USA) and TUNEL(Roche, USA) assay were performed according
to the manufacturer’s instructions.

Scoring criteria
The mean percentage of positive tumor cells for the expression
of survivin was determined in at least five areas at 400-fold
magnification, and cases with less than 10% positively stained
cells were defined as negative. Cases with 10-29% positively
stained cells were defined as “+”, 30-59% as “++”, and 60% or
more as “+++”.These scorings were performed in a blind fashion.
      PI and AI were expressed as the ratio of positively stained
tumor cells to all tumor cells. If possible, five areas were randomly
selected for counting under 400-fold magnification. Otherwise,
the whole section underwent assessment.

Statistical analysis
All results were analyzed by software of SPSS 10.00. P<0.05
was considered statistically significant.

RESULTS
Expressions of survivin mRNA in colorectal carcinoma samples
and adjacent normal mucosa samples
Fifty two CRC samples and forty eight normal mucosa samples
were available for analyses. The expressions of survivvin mRNA
were detected in a significantly greater proportion of CRC than
in normal mucosa samples (67.3% vs 25% P<0.01). Survivin
mRNA was not detected in normal tissue when the associated
cancer was survivin negative (Figure 1).

Figure 1  RT-PCR products of paired samples from normal co-
lonic mucosae (lanes 4, 6, 8) and CRC (lanes 3, 5, 7) from three
different resection specimens. Lane 1: positive control (U937
cell line) , lane 2: negative control, lane M: DNA mark. Expres-
sion of β2MG confirmed the fidelity of reverse transcription.

Relationship between expressions of survivin mRNA and
clinicopathological characteristics of patients with CRC
No relationship was found between survivin mRNA expression
in CRC and sex, tumor size, histological types, lymphnode
metastasis, distant metastasis and Dukes’ stage (Table 1).

Table 1  Correlation between expression of survivin mRNA
and clinicopathological characteristics of patients with CRC

Variable                              Total No       Survivin          P Valur
                                                                      β2MG

Sex
    Male 31   0.74±0.63     >0.05
    Female 21   0.77±0.56
Tumor size
    5 cm 20   0.71±0.59     >0.05
    <5 cm 32   0.78±0.61
Histological type
    High   7   0.62±0.51     >0.05
    Middle 39   0.75±0.59
    Low   6   0.92±0.74
Lymphnode metastasis
    Positive 22   0.80±0.65     >0.05
    Negative 30   0.72±0.57
Distant metastasis
    Positive   9   0.93±0.18     >0.05
    Negative 43   0.72±0.65
Duke stage
    A   7   0.55±0.57     >0.05
    B 19   0.73±0.62
    C 17   0.77±0.73
    D   9   0.93±0.18

Correlations between expression of survivin, AI and PI
The expression of survivin protein was observed in cytoplasm
of malignant tumor cells. Survivin expression was observed
immunohistochemically in 27 of 52 cases of colorectal carcinoma
(51.9%). To examine whether the expression of survivin
correlated with AI and PI, tissure samples obtained from
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carcinoma were divided into two groups according to the
expression of survivin and compared to AI and PI (Figure 2).
Survivin positive tumors had significantly lower values for AI
than survivin negative tumors (P<0.001), and PI in survivin
positive tumors was higher than in survivin negative tumors
(P  0.001, Figure 3).

Figure 2  Correlations between survivin expression and AI
and PI. P<0.001 as PI in survivin positive tumors (51±22%)
compared with survivin negative tumors (27±18%), P<0.001
as AI in survivin positive tumors (0.67±0.18%) compared with
survivin negative tumors (1.14±0.42%).

DISCUSSION
Hybridization screening of a human P1genomic library with the
cDNA of effector cell protease recepor-1 (EPR-1) yielded a new
gene spanning -15 kb containing four exons and three introns,
and located to band 17q25 by Ambrosini et al. in 1997[6].Survivin
is the smallest member of the IAP gene family,structurally
characterized by a single BIR module and a -COOH-terminus α-
helix coiled domain, substituting a canonical ring finger[6].
Prominently expressed in a variety of apoptosis-regulated organs
during embryonic and fatal development[7], survivin is
undetectable in most normal adult tissues,and becomes
abundantly reexpressed in a variety of human cancers. The
PCR based approach used in our study is exqusitely sensitive
and may detect gene transcripts even in a single cell or cell
cluster with a comparable specificity. The present study showed
that expression of survivin mRNA was detected in a significantly
greater proportion of CRC samples than in adjacent normal
colorectal tissues (67.3% vs 25%, P<0.01). The data were
consistent with a study by Adida et al.[8]. Furthermore, the
prevalence of survivin mRNA expression in the present study
correlated well with the expression of survivin protein
(unpublished data). Recent studies demonstrated that the novel
splice variants survivin-�Ex3 and survivin-2B were expressed
in malignancies[9,10]. Survivin-�Ex3, which lacks exon 3,
exhibited a pronounced anti-apoptotic activity, whereas
survivin-2B containing a part of intron 2 as an additional cryptic

exon, largely lost its anti-apoptotic activity. These alternative
splice variants have not been explored so far. In gastric
carcinomas, Mahotka et al.[10] showed that survivin-2B might
act as a naturally occurring antagonist of survivin and might
play a role in tumor progression. We found that CRC also
expressed survivin-�Ex3, survivin-2B and survivin. The latter
was a dominant transcrip (Figure 1), and shared 99% of
homology with human counterparts by sequencing.
       The expression of survivin mRNA was independent of clinical
pathological characteristics. The result was consistent with
previous studies[8,11]. However, in endometrial carcinoma,
survivin expression correlated with clinical stage, histological
grade, invasive behavior and survival rate[12]. The expression
of survivin has been proved as a prognostic mark in non-small
cell lung cancer[13], breast carcinoma[14], oesophageal carcinoma[15]

and hepatocellular carcinoma[16]. In CRC, Adida et al.[8] reported
that the predictive value of survivin expression was limited to
patients with stage II CRC, those with survivin negative tumors
had a five year survival rate of 94.4% compared with 44.8% for
patients with survivin positive tumors. Recent studies showed
the phenomena of chemo-radioresistance were prevalent in
survivin positive tumors and molecular manipulation of survivin
expression might enhance chemotherapy and radiation
therapy[17-22]. These findings indicate that survivin may play
an important role in chemoresistance of cancer cells. However,
the clinical importance of survivin expression remains unclear
in patients with cancer.
     We found that survivin positive tumors had significantly
lower values for AI than survivin negative tumors, and PI was
higher in survivin positive tumors than in survivin negative
tumors (P<0.001 for both). These findings indicate that the
overexpression of survivin not only inhibits cell death but also
reflects the presence of a greater number of proliferating cells.
By inhibiting apoptosis and promoting proliferation, survivin
plays an important role in colorectal tumorigenesis.
      There has been a considerable interest in survivin biomedical
researches. The exploitation of survivin might provide important
predictive and prognostic clues in diagnosis, and offer new
therapeutic alternatives for cancer. Further studies are required
to identify the potential role and mechanism of survivin in the
development of CRC.

REFERENCES
1 Miller LK. An exegesis of IAPs: salvation and surprises from

BIR motifs. Trends Cell Biol 1999; 9: 323–328
2 Altieri DC. The molecular basis and potential role of survivin

in cancer diagnosis and therapy. Trends Mol Med 2001; 7: 542-
547

3 Zhu XD, Lin GJ, Qian LP, Chen ZQ. Expression of survivin in
human gastric carcinoma and gastric carcinoma model of rats.

N =      25        27

1.0

0.8

0.6

0.4

0.2

0.0

Survivin (-)  Survivn (+)

p
C
N

A
 (

%
)

N =      25        27

2.0

1.5

1.0

0.5

0.0

-0.5

Survivin (-)  Survivn (+)

A
I 

(%
)

2888             ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    October 1, 2004   Volume 10   Number 19
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Abstract

AIM: To investigate the expression of toll-like receptor 4
(TLR4) and MD-2 gene and protein in Kupffer cells (KCs)
and their role in ischemia-reperfusion (IR) injury of rat
liver graft.

METHODS: KCs were isolated at 0 (control group), 2, 12,
24 h (IR group) following IR in rat liver graft. mRNA expression
of TLR4 and MD-2 was detected by RT-PCR analysis, protein
expression of TLR4/MD-2 was detected by flow cytometric
(FCM) analysis, and tumor necrosis factor-α (TNF-α) level
in supernatant was measured by ELISA. Then isolated KCs
were incubated with anti-TLR4 polyclonal antibody (anti-
TLR4 group), and TNF-α level was measured again.

RESULTS: The mRNA and protein expression of TLR4/MD-
2 and the level of TNF-α in IR group increased significantly
at 2 h following IR, and reached the maximum at 12 h, and
slightly decreased at 24 h, but were still significantly higher
than those in the control group (P<0.01). The expression of
these factors was markedly decreased after anti-TLR4
antibody treatment as compared with the IR group (P<0.01).

CONCLUSION: Lipopolysaccharide (LPS) following IR can
up-regulate TLR4/MD-2 gene and protein expression in
KCs, and synthesize cytokine TNF-α. Anti TLR4 antibody
can inhibit the production of TNF-α induced by LPS. TLR4
and its partner molecule MD-2 may play an important role
in Kupffer cell activation and IR injury.

Peng Y, Gong JP, Liu CA, Li XH, Gan L, Li SB. Expression of
toll-like receptor 4 and MD-2 gene and protein in Kupffer cells
after ischemia-reperfusion in rat liver graft. World J Gastroenterol
2004; 10(19): 2890-2893
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INTRODUCTION
Toll-like receptor 4 (TLR4) is a transmembrane protein, mainly
existed in monocytes/macrophages[1-3]. It plays an important
role in recognizing endotoxin (lipopolysaccharide, LPS) or LPS-
CD14 complex, and mediating monocyte/macrophage activation
and pro-inflammatory cytokine release[2,4,5]. MD-2 molecule is

a secreting protein, linking with the exocytic area of TLR4, and
facilitating the binding of TLR4 and LPS to enhance cell
activation induced by LPS[6-10]. Kupffer cells (KCs) are not only
the biggest residing macrophages in the body, but also are the
main participant of ischemia-reperfusion injury (IRI) in liver
transplantation[11-14]. Therefore, studying the expression of
TLR4 and MD-2 gene and protein in KCs following IR is very
important to clarify the source of cytokines involved in IRI.
The aim of the current study was to investigate the expression
of TLR4 and MD-2 gene and protein, and the production of
cytokines in liver graft by isolating and culturing KCs following
IRI, and to probe the role of TLR4 and MD-2 in IRI injury.

MATERIALS AND METHODS
Establishment of animal model of IRI following liver transplant in rat
Male Wistar rats weighing 210-250 g, supplied by Chongqing
Medical University, were used as donors and recipients.
Orthotopic liver transplantation was performed with improved
two-cuff technique introduced by Peng et al.[15] as following:
(1) Graft procurement: portal vein (PV), hepatic artery (HA),
infrahepatic vena cava (IHVC), and bile duct were divided. Then
the graft was infused and harvested for preparation. PV and
IHVC were prepared by cuff technique, and a drainage Teflon
catheter was inserted into the bile duct. (2) Implantation of
graft: the graft was placed orthotopically in the recipient’s
abdominal cavity after the original liver was removed. The
suprahepatic vena cava was sutured end to end, and the portal
vein was anastomosed by cuff method, then the liver was
perfused. After the anastomosis of IHVA and HA was completed,
the bile duct was reestablished end to end by Teflon catheter.

KC isolation and culture
KCs were isolated at 0, 2, 12, 24 h following IR with in situ
collagenase perfusion technique described by Gong et al.[16].
In brief, the liver was removed with portal vein perfusion with
Hank’s balance salt solution (HBSS) and digested in a solution
of 0.5 g/L collagenase (type IV, Sigma, USA). The digest was
washed thoroughly and plated on plastic dishes in RPMI
medium containing 100 mL/L fetal calf serum (FCS). After 6 h
incubation at 37  in humidified atmosphere containing 50 mL/L
CO2 in air, the nonadherent cells were removed by pipet. The
adherent cells were collected with a rubber policeman. KC purity
exceeded 90% as assessed by light microscopy, and viability
was greater than 95% as determined by trypan blue exclusion
assay. The KCs at 0 h were regarded as control group, and
those at 2, 12 and 24 h were as IR group.

RNA isolation and complementary DNA synthesis
Total RNA was isolated from rat KCs using the TRIZOL reagent
(Life Technologies, USA). The quality of RNA was controlled
by the intactness of ribosomal RNA bands. A total of 5 µg of
each intact total RNA sample was reverse-transcribed to
complementary DNA (cDNA) using AMV reverse transcriptase
(Roche, USA).

Determination of TLR4 and MD-2 mRNA by RT-PCR
The PCR primers used are shown in Table 1. The conditions for



amplification were as follows: denaturation at 94  for 1 min,
annealing at 58  for 1 min, and extension at 72  for 1 min for
30 cycles, and extension at 72  for 7 min again. The PCR products
were electrophoresed on 20 g/L agarose gels containing
ethidium bromide, and video photographed on an ultraviolet
transilluminator, and the results were shown as the ratio of
relative absorbance of TLR4 or MD-2/β-actin analyzed with
Quantity one 4.1.0 software.

Table 1  Primer used for PCR amplification of TLR4 and MD-2
gene

Primer sequence                           Size (bp)

TLR4 5’ TGGATACGTTTCCTTATAAG 3’         311

5’ GAAATGGAGGCACCCCTTC3’

MD-2 5’ATGGTCTTCCTGGCGAGTTT3’            332

5’CCATGGCACAGAACTTCCTT3’

β-actin 5’ATCATGTTTGAGACCTTCAACA 3’    300

5’CATCTCTTGCTCGAAGTCCA 3’

Flow cytometric analysis
Expression of TLR4 and MD-2 membrane protein in KCs was
determined by flow cytometric analysis. In brief, KCs were
incubated with rabbit anti-rat TLR4 polyclonal antibody (1 µg/mL)
labeled with FITC and goat anti-rat MD-2 polyclonal antibody
(1 µg/mL) labeled with PE (Sigma, USA). After washed three
times, 10 000 cells were analyzed by flow cytometry (Coulter,
USA), and the percentage and mean fluorescence intensity
(MFI) of TLR4 and MD-2-positive cells were taken as the indexes.

TNF-ααααα level in supernatant
Supernatants were collected to measure the levels of TNF-α
with ELISA kit (Jingmei Biotechnology Company, China)
following the manufacturer’s instructions.

Blocking test of anti-TLR4 antibody
To determinate the role of TLR4 and MD-2 in LPS-induced KC
activation, KCs were harvested and adjusted to the concentration
of 1×106/ (mL.well). Then, 0.2 mL of anti-TLR4 antibody (1: 100)
was added to the medium, and incubated for 30 min at 37 .
The supernatants were collected again for measuring the levels
of TNF-α by ELISA analysis following the manufacturer’s
instructions.

Statistical analysis
All results were expressed as mean±SD. Statistical difference
between means was determined by Student’s t test using
SigmaPlot 2000 software (SPSS Inc., USA). A P value <0.01 was
considered statistically significant.

RESULTS

Expression of TLR4 and MD-2 mRNA in KCs
RT-PCR analysis showed that KCs from control group had low
but detectable levels of TLR4 and MD-2 mRNA. The mRNA
level was significantly increased with time, reaching its maximum
of nine-fold at 12 h following IR, and slightly declined 24 h after
IR, but was still significantly higher than that in the control
group (P<0.01) (Figure 1).

Binding of FITC, PE to KCs
To confirm the expression of TLR4 and MD-2 membrane protein
on KCs, we examined the binding of FITC/PE to the cells. TLR4
and MD-2 positive cells were 7.94% and 6.51% in control group.
But in the rats with IR, the mean fluorescence intensity (MFI)
was significantly increased, and TLR4 positive cells were 45.71%,

78.46%, and 61.72% and PE positive cells were 38.64%, 74.15%,
and 58.47%, respectively, at 2 h, 12 h and 24 h following IR,
which were significantly higher compared with the control group
(P<0.01) (Figure 2).

Figure 1  Expression of TLR4 and MD-2 mRNA by RT-PCR
analysis. A: PCR products were electrophoresed on agarose
gels and photographed. B: Quantitative data of mRNA levels
were shown as the ratio of relative absorbance and expressed
as mean±SD. Expression of TLR4 and MD-2 mRNA were sig-
nificantly increased in the IR group compared with the con-
trol group (P<0.01).

Figure 2  Percentage of TLR4 and MD-2 positive cells. The
percentage of TLR4 and MD-2 positive cells was significantly
increased after IR compared with the control group.

Figure 3  Comparison of TNF-α production in supernatant of
KCs. In IR group, the TNF-α  level in supernatant was in-
creased with time, and reached the maximum (529.1±30.9 ng/mL)
at 12 h. But in anti-TLR4 group, the production of TNF-α was
obviously inhibited by Ab against TLR4 compared with the
IR group (P<0.01).
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Decrease of TNF-ααααα levels after anti-TLR4 treatment
In IR group, the level of TNF-α in supernatant of KCs was
267.4±24.1, 529.1±30.9, and 329.7±24.6 ng/mL at 2, 12 and 24 h
after IR, respectively. In group of anti-TLR4 antibody blockade,
the production of TNF-α in supernatant was obviously inhibited
by Ab against TLR4 when compared with that in IR group
(P<0.01), and it was 102.5±10.4, 207.6±18.4, and 185.3±12.7 ng/mL
at 2, 12 and 24 h after IR, respectively (Figure 3).

DISCUSSION
Toll protein is a transmembrane protein which mainly acts as a
necessary tool for immune defence to microorganism[6,17-20].
The first toll-like protein in human cells was reported by Janeway,
and named toll-like receptor (TLR)[3,21]. About ten members of
TLR superfamily in mammals have been reported in recent
years. Among them, TLR4 plays a key role in LPS signal
transduction[4,22,23].
      When LPS enters blood, it first binds to LBP (LPS binding
protein), forming a LPS-LBP compound, and then binds to TLR4
on cell membranes leading to activation of cells[18,24,25]. Recent
studies have confirmed that the activation of cells induced by
LPS needs another important molecule, namely MD-2. MD-2 is
a key regulator protein, which could promote LPS signal
transduction through connecting with TLR4 on cell membranes
and forming the TLR4/MD-2 compound[26-28].
      Kupffer cells are special macrophages residing in hepatic
sinusoids, which constitute 80% to 90% of total fixed macrophages
in the body[13,29]. Because of their special location, KCs act as
an important defensive barrier for gut-derived endotoxemia. A
large amount of endotoxins contact with KCs through portal
circulation following ischemia- reperfusion after liver
transplantation, and activate the KCs[30,31]. Thus, it is very
important to study the expression of TLR4 and MD-2 in KCs to
clarify the origin of cytokines and the mechanism of IRI.
     In our study, we found there were weak expressions of TLR4
and MD-2 gene and protein in resting KCs, which might play a
critical role in maintaining the normal function of KCs, and
might be essential for keeping KCs to be ready for activation
after stress. But after IR, a large mount of LPS entered liver
sinusoids, activated KCs, resulting in increased release of
harmful cytokines such as TNF-α, which reached the maximum
at 12 h after IR. To correctly illuminate the relation between
TLR4 and MD-2 and downstream cytokines, we used anti-TLR4
antibody to inhibit the binding function of TLR4, and found
that the production of TNF-α was greatly decreased, suggesting
that the expression of TLR4 and MD-2 protein is indispensable
to the secretion of downstream cytokines.
      In summary, the present data suggest that there are weak
expressions of TLR4 and MD-2 mRNA and protein in Kupffer
cells. Expressions of TLR4 and MD-2 can significantly increase
following ischemia-reperfusion in rat liver transplantation. LPS
can induce activation of KCs by combining with TLR4 and
MD-2, and subsequently release harmful cytokines, which
ultimately attack the graft. Further studies are needed for
elucidating TLR4/MD-2-mediated signal transduction
pathways which lead to the secretion of cytokines during IRI
on liver graft.
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Abstract

AIM: To investigate the effects and molecular mechanisms
of recombinant human growth hormone (rhGH) on
protecting liver function and alleviating portal hypertension
of liver cirrhotic rats.

METHODS: Liver cirrhosis of male Sprague-Dawley rats
was induced by administration of thioacetamide. The rats
with or without liver cirrhosis were randomly divided into
four groups. Group A consisted of the normal rats was
treated with normal saline (NS), group B consisted of the
normal rats was treated with rhGH, group C consisted of
cirrhotic rats was treated with NS, and group D consisted
of cirrhotic rats was treated with rhGH. The rats of different
groups were subcutaneously injected with 0.5 mL of NS or
333 ng/kg of rhGH daily for 7 d. After treatments, the
following parameters were examined, including GH-binding
capacity (RT) by 125I-hGH binding, growth hormone receptor
mRNA(GHR mRNA) expression by RT-PCR, relative content
of collagen (RCC) by histomorphomertry, and level of
malon-dialdehyde (MDA) and superoxide dismutase (SOD)
in liver tissue by thiobarbituric acid reaction and pyrogallic
acid self-oxidation, respectively. Serum albumin (ALB),
alanine transaminase (ALT) and portal vein pressure (PVP)
were also examined.

RESULTS: rhGH up-regulated both the GH-binding capacity
(RT) and the expression of GHR mRNA in vivo. RT in group
A (72±12 fmol/mg protein) was significantly higher than
that in group C (31±4 fmol/mg protein) (P<0.05). RT in
group B (80±9 fmol/mg protein) increased markedly
compared to group A (P<0.05). RT in group D (40±7 fmol/mg
protein) raised remarkably compared with group C (P<0.05),
but less than that in group A, and there was no significant
GH binding affinity contrast (Kd) change. The GHR mRNA
level (iOD, pixel) in group A (29±3) was significantly higher
than that in group C (23±3) (P<0.05). GHR mRNA levels
were significantly raised in group B (56±4) and group D
(42±8) compared with groups A and C (29±3 and 23±3,
respectively) (P<0.05). Compared with the normal liver,

MDA level was higher and SOD level was lower in cirrhotic
livers. After rhGH treatment, MDA level was significantly
declined to 12.0±2.2 nmol/mg protein and SOD was raised
to 1029±76 U/mg protein in group D (P<0.05). ALB levels
in groups B and D (42±7 g/L and 37±7 g/L, respectively)
were significantly raised compared with those in groups A
and C (35±5 g/L and 29±4 g/L, respectively) (P<0.05).
ALT level was markedly lower in group D (69±7 U/L)
compared to group C (89±15 U/L) (P<0.05), and close to
group A (61±10 U/L). RCC in group C (22.30±3.86%) was
significantly higher than that in group A (1.14±0.21%) and
group D (14.70±2.07%) (P<0.05). In addition, rhGH
markedly alleviated portal hypertension in liver cirrhotic
rats (group D vs C, 9.3±1.5 cmH2O vs 14.4±2.0 cmH2O)
(P<0.05).

CONCLUSION: Pharmacological doses of rhGH can
increase RT and GHR mRNA expression, ameliorate liver
functions, repress fibrosis and decline portal hypertension,
suggesting it has potentially clinical usage as a hepatotropic
factor.

Chen S, Wang HT, Yang B, Fu YR, Ou QJ. Protective effects
of recombinant human growth hormone on cirrhotic rats.
World J Gastroenterol  2004; 10(19): 2894-2897
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INTRODUCTION
Liver cirrhosis is a common pathway of a variety of chronic
liver diseases[1], and is associated with high protein catabolism,
low anabolism and negative nitrogen balance[2], resulting in
hypoproteinemia which contributes to ascites, dysfunction of
coagulation and suppression of immune response[3]. Early
reports showed that cirrhotic patients undergone emergency
abdominal surgery exhibited a higher mortality[4]. In retrospective
studies of liver transplant recipients, protein-calorie malnutrition
has been associated with adverse outcomes in patients with
end-stage liver diseases[5,6]. A prospective study showed that
cirrhotic patients with hypermetabolism and emaciation had a
much higher mortality rate after liver transplantation than those
with normal metabolism[7]. It is critical for patients with hepatic
cirrhosis to correct malnutrition. To date, studies have shown
that nutritional support is always not effective enough to
prevent protein loss and optimize the care of these patients in
severe catabolic illnesses, including cirrhosis[8,9].
     Growth hormone (GH) is essential for body growth in
children. In adults, GH continues to stimulate many anabolic
processes. GH secreted by the pituitary gland is pulsatile, and
its action depends on its binding to growth hormone receptor
on cell membrane[10-13]. New insights have initiated new
applications and a growing potential for GH replacement
therapy in adults. Recombinant human growth hormone (rhGH)
has been clinically used in many states, such as after abdominal
operation[14], organ transplantation[15], major trauma[16] and
severe burns[17], to enable the patients to survive an aggressive
surgery[18]. After treatment with rhGH, donor site healing rate



in children with severe burns was enhanced and hospitalization
time was decreased[19-21]. It significantly enhanced cell-mediated
immunity and decreased wound infection rates and length of
hospitalization in a large group of postoperative patients[22].
Some clinical trials reported that growth hormone enhanced
nitrogen retention of patients with chronic obstructive lung
diseases[23], severe sepsis[24,25] and emaciated AIDS[26,27], in
addition to fasted adult volunteers. Although there are many
controversies[28-32], it has been confirmed that rhGH is an
effective drug to accelerate protein anabolism[33] and plays a
central role in metabolic intervention with a significant cost-
effect benefit[34].
     In this study, we investigated the effects and molecular
mechanism of pharmacological doses of recombinant human
growth hormone (rhGH) on expression of growth hormone
receptor (GHR) in liver tissue, liver function and portal vein
pressure in a rat cirrhotic model with portal hypertension.

MATERIALS AND METHODS
Induction of liver cirrhosis
Male SD rats were purchased from Medical Animal Center of
Sun Yat-Sen University. Rat liver cirrhosis was induced by
daily intraperitoneal injection of 30 g/L thioacetamide (TAA,
50 mg/kg for 9 to 12 wk). Twenty normal rats (body mass
200-300 g) were randomly divided into two groups: group A
(n = 10) was treated with normal saline (NS), and group B
(n = 10) was treated with rhGH. Twenty cirrhotic rats (body
mass, 200-300 g) were randomly divided into two groups: group
C (n = 10) was treated with NS and group D (n = 10) was treated
with rhGH. The rats were injected subcutaneously with 0.5 mL
of NS or 333 ng/kg of rhGH daily for 7 d.

Experimental methods and observation indexes
Rats were anesthetized with pentobarbital (30 mg/kg,
subcutaneous injection), weighed, antisepsised. Then
peritoneum was incised to explore the liver.
Measurement of portal vein pressure (PVP)  After the portal
vein was punctured, PVP was measured directly.
Estimation of liver function  Blood samples from inferior vena
cava were collected to measure serum albumin (ALB) and alanine
transaminase (ALT) levels by biochemical autoanalyzers.
Tissue sampling  Partial liver tissue samples were frozen in
liquid nitrogen immediately, then stored at -80  for use, The
rest part was fixed in 100 g/L formaldehyde solution and stained
with Masson trichrome stain for regular pathological
examination.
GH binding capacity (RT) analysis  One hundred µL
(approximately 20 000 cpm) of 125I-hGH (NEN inc, USA) with a
specific activity of about 108 µCi/µg, 100 µL of unlabelled hGH
with various concentrations (0-3 nmol/L was divided into 7-9
concentration gradients, standard samples were bought from
Northern Biological Technical Company), and 100 µL of liver
membrance microsomes (preparation with gradient
centrifugation technique) were mixed and incubated at 4 
overnight. Dissociated ligands were eliminated by filtration.

The precipitates were subjected to a radioactive counter, and
then 125I-GH binding capacity (RT, fmol/mg protein) and binding
affinity contrast (kd, nmol/L) were calculated by Scatchard
analysis.
Expression of GHR mRNA in liver tissue  Self-designed primers
were as follows: forward, 5’-ATGTGAGATCCAGACAACG-3’,
and reverse, 5’-ATGTCAGGGTCATAACAGC-3’. The
amplification segment containing introns was supposed to be
499 bp in length. Total RNA of the rats’ liver tissues was
extracted with Trizol following the manufacturer’s instructions.
RT-PCR was performed with RT-PCR kits (Epicedure inc. USA)
as previously described[35]. After thirty amplification cycles
were performed, the PCR products were detected by gel
electrophoresis. The level of GHR mRNA was expressed as
iOD (pixel, the integral optical density of amplification segment).
Level of malon-dialdehyde (MDA) and superoxide dismutase
(SOD)  Thiobarbituric acid reaction and pyrogallic acid self
oxidation method were adopted to measure the amount of MDA
(the degradation products of peroxide lipid in liver) and the
activity of SOD, respectively.
Measurement of relative content of collagen (RCC) in liver
Liver fibrosis levels was expressed as RCC. After stained with
Masson’s trichrome stain, liver collagen content was calculated
by histomorphometric measurement. Three random areas were
chosen and analyzed by computers with Kontron IBAS2.5 system
(Germany) for digital image analysis. The total area and the
fibrotic area with positive staining were automatically selected,
outlined and evaluated by planimetry. RCC was calculated as a
percentage of positive staining area in the total area.

Statistical analysis
The data were processed with duplex factor χ2 analysis by
software statistica 5.0. Least significant difference (LSD) was
adopted to compare the inter-group variance. Values were
expressed as mean±SD. P<0.05 was considered statistically
significant.

RESULTS
GH-binding capacity (RT) analysis
As shown in Table 1, RT in group A was significantly higher
than that in group C (P<0.05). RT in group B increased markedly
compared with group A (P<0.05). It significantly increased in
group D compared with group C ( P<0.05), but was lower than
that in group A. There was no significant difference in Kd.

GHR mRNA expression in liver tissue
As shown in Table 1 and Figure 1, the expression of GHR mRNA
(iOD, pixel) in group A was significantly higher than that in
group C (P<0.05). It was significantly raised in groups B and D
after rhGH treatment, which was 1.9 and 1.8 times higher than
that in groups A and C, respectively (P<0.05). It was higher in
group D than in group A.

Serum ALB and ALT level
Without rhGH treatment, ALB level in cirrhotic rats (group C)

Table 1  Effects of rhGH treatment on various parameters (mean±SD)

Group     RT (fmol/mg  GHR mRNA       ALB              ALT         MDA (nmol/mg              SOD                          RCC                      PVP
                   protein)            (iOD)            (g/L)            (U/L)                protein)                 (U/mg)                          (%)                   (cmH2o)

A         72±12        29±3     35±5 61±10 10.2±1.4     1078±185   1.14±0.21         5.6±0.7
B         80±9c        56±4c     42±7c 55±11   9.4±1.2     1057±159   1.13±0.18         5.8±0.7
C         31±4a        23±3a     29±4a 89±15a 18.7±3.2a          824±108a 22.30±3.86a       14.4±2.0a

D         40±7ac        42±8ac     37±7c 69±7ac 12.0±2.2ac       1029±76c 14.70±2.07ac         9.3±1.5ac

aP<0.05 vs control groups A and B, cP<0.05 vs before rhGH treatment (group A or C).
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was significantly lower than that in normal rats (group A), and
ALT in cirrhotic rats was markedly higher than that in normal
rats (P<0.05) (Table 1). After rhGH administration, ALB in groups
B and D increased significantly (P<0.05), ALT in group D
decreased remarkably (P<0.05), which was close to normal rats
(Table 1).

Figure 1  Expression of GHR mRNA in normal and cirrhotic
liver tissues after NS or rhGH administration. Lane 1: control
group +NS (group A); Lane 2: control group +rhGH (group B);
Lane 3: cirrhotic group +NS (group C); Lane 4: cirrhotic group
+rhGH (group D); and Lane M: DNA standard marker of 100,
200, 300, 400, 500, 600, 700, 800, 900, 1 000, 1 100 and 1 200 bp,
respectively.

Changes of MDA and SOD in liver tissue
Before the treatment with rhGH, the amount of MDA in cirrhotic
rats (group C) was significantly higher than that in normal rats
(group A) (P<0.05), and SOD in cirrhotic rats was significantly
lower than that in normal rats (P<0.05). After rhGH administration,
MDA and SOD in group B were not obviously changed, but in
group D, MDA was significantly lower than that in group C
(P<0.05), while SOD was significantly higher than that in group
C (P<0.05). The curve correlation analysis manifested a
significant correlation between SOD and MDA (P<0.01). (Table 1,
Figure 2).

Figure 2  Correlation analysis of SOD and MDA.

RCC in liver tissue
As shown in Table 1, RCC in group C was significantly higher
than that in group A (P<0.05). Compared with group C, it was
significantly lower in group D (P<0.05).

Changes of PVP
As shown in Table 1, PVP in cirrhotic rats (group C) was significantly
higher than that in normal rats (group A) (P<0.05). After rhGH
administration, no significant change was found in normal rats,
however PVP in cirrhotic rats (group D) was significantly lower
than that in group C (P<0.05).

DISCUSSION
In cirrhotic patients, nutritional status was an important predictor

of morbidity, mortality, and survival after transplantation[36]. The
poor status of these patients was associated with the state of
acquired GH resistance[37,38], which is common in conditions
associated with malnutrition and protein catabolism, trauma or
surgery, organ failure and critical illness. Much has been done
regarding the expression of GHR and signal transduction[10-13],
but the expression of GHR and GHR mRNA in some pathological
states such as cirrhotic hepatocytes, malignant cells, remains
to be established. Chang et al.[39] reported that 125I-rhGH binding
activity in 6 cases of hepatocellular carcinoma and adjacent
cirrhotic liver tissues could not be detected and they believed
that GHR in cirrhotic hepatic tissues disappeared although the
study only examined one aspect of the GHR and GH binding.
Another study[40] showed that specific binding of 125I-hGH in
liver tissues from liver transplant of 17 patients with end-stage
liver diseases was lower than that in normal controls, but only
in 3 cirrhotic livers Scatchard analysis was performed for
calculation of GH binding capacity and affinity. In this setting
of tissue-based GH binding assay, there was still a controversy
about the expression of GHR on cirrhotic liver cells.
      Our study showed that rhGH could significantly increase
serum ALB and SOD levels, decrease ALT and MAD to nearly
the normal level in liver cirrhotic rats. In addition, after rhGH
treatment, both the liver fibrosis level and PVP were remarkably
decreased.
       In our study, the expression of GHR mRNA in cirrhotic liver
tissue was lower than that in normal liver tissue, suggesting
that liver cirrhosis could down-regulate GHR gene transcription
and result in decrease of GHR, which might be an important
reason of malnutrition in liver cirrhosis.
       Simultaneously, we found that rhGH up-regulated GHR and
its mRNA in both cirrhotic and normal liver tissues. in normal
liver, the changes before and after rhGH treatment were not
obvious. We hypothesized that the up-regulation of GHR and
its mRNA in cirrhotic rats could improve liver function, and
decrease liver fibrosis levels and PVP. This implied that the
effects of rhGH on the expression of GHR and GHR mRNA in
cirrhotic liver tissues might play an important role in
ameliorating the sensibility of cirrhotic liver tissues to rhGH,
thereby exerting a therapeutic effect on liver cirrhosis.
       In conclusion, rhGH can up-regulate the expression of GHR
and its mRNA in livers, particularly in cirrhotic livers, which
can increase the sensibility of cirrhotic liver tissue to growth
hormones. Thus, rhGH can protect liver function, repress
fibrosis, alleviate portal hypertension of cirrhotic livers.
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Abstract

AIM: To study the protective effects of tumor necrosis factor α
(TNFα) antibody on pancreatic encephalopathy in rats.

METHODS: One hundred and twenty SD rats were randomly
divided into normal control group, acute necrotizing
pancreatitis group and TNFα antibody treated group. Acute
hemorrhage necrotizing pancreatitis model in rats was
induced by retrograde injection of 50 g/L sodium taurocholate
into the pancreatobiliary duct. Serum TNFα was detected
and animals were killed 12 h after drug administration.
Changes in content of brain water, MDA and SOD as well
as leucocyte adhesion of brain microvessels were measured.

RESULTS: In TNFα antibody treated group, serum TNFα
level was decreased. Content of brain water, MDA and SOD
as well as leucocyte adhesion were decreased significantly
in comparison with those of acute necrotizing pancreatitis
group (P<0.05).

CONCLUSION: TNFα antibody can alleviate the brain damage
of rats with acute hemorrhage necrotizing pancreatitis.

Yang YL, Li JP, Li KZ, Dou KF. Tumor necrosis factor α antibody
prevents brain damage of rats with acute necrotizing
pancreatitis. World J Gastroenterol  2004; 10(19): 2898-2900

http://www.wjgnet.com/1007-9327/10/2898.asp

INTRODUCTION
Pancreatic encephalopathy, a syndrome of mental retardation
induced by severe acute pancreatitis, has been greatly
concerned by clinicians. Unfortunately, the pathogenesis and
mechanism of pancreatic encephalopathy are still unclear
although many factors are thought to be related to it, such as
pancreatin, epiphyte infection, electrolyte disturbance, lack of
vitamin, alcoholism, hypoxemia[1-3]. Recent reports have shown
that overactivation of leucocytes and overexpression of
cytokines play important roles in the pathogenesis of pancreatic
encephalopathy. Moreover, the high level of TNFα in patients
has a remarkable correlation with pancreatic encephalopathy[4-9].
In the present study, we attempted to block or relieve pancreatic
encephalopathy by using TNF α antibody.

MATERIALS AND METHODS
Animals
One hundred and twenty male Spargue-Dawley (SD) rats

weighing 230±20 g, were obtained from Animal Research Center
of Shaanxi Academy of Traditional Medicine, and fed with
standard rat chow.

Drugs
Sodium taurocholate (Sigma) was diluted to 50 g/L with saline
prior to use. TNFα monoclonal antibody (Jingmei Co.Ltd.,
Guangdong, China) was diluted at 1:100 with saline prior to use.

Experimental grouping
One hundred and twenty SD rats were randomly divided into
three groups: Group I: normal control group (n = 40), sham
operation was performed and saline was  retrograde injected
into the pancreatobiliary duct of the rats; Group II: acute
necrotizing pancreatitis group (n = 40), in which an acute
hemorrhage necrotizing pancreatitis model was induced by
retrograde injection of 50 g/L sodium taurocholate into the
pancreatobiliary duct; Group III: TNFα antibody treated group
(n = 40), in which 1 mL TNFα antibody (2.0 mg/kg) was injected
into the rats through dorsum veins of penis 5 min prior to
operation. Blood samples (2 mL) were taken from inferior vena
cava of all animals in each group 12 h after operation. Then the
rats were killed and samples were obtained for analysis.

Operation
The animals were fasted but free to drink water 12 h before
operation. Then the rats were intraabdominally anesthetized
by 100 g/L pentobarbital sodium (30 mg/kg), and incised through
median incision of the abdomen. After the common bile duct
was clamped in hepatoduodenal ligament by small artery
clamps, a cannula was inserted into pancreatobiliary duct
through mammary papilla from anterior wall of duodenum. Then
sodium taurocholate (50 g/L) was injected by the cannula with
even speed of 0.1 mL/min, the scatheless vascular clamp was
removed 10 min later. Finally, the abdomen incisions were closed
and the animals were given gentamicin to prevent infection[10,11].

Evaluation of TNFααααα in serum
Evaluation of serum TNFα was performed by sandwich ELISA
method with double antibodies. The kit was purchased from
Endogen Company (USA) and the procedures were made
according to the manufacturer’s instructions.

Evaluation of water content in brain
Evaluations of water content in brain of 20 rats in each group
were completed by the methods of dry and wet weight
estimation. Water content in brain = (wet weight - dry weight)

 wet weight ×100%.

Evaluation of brain MDA and SOD content
Skulls of 20 rats in each group were opened to get frontal lobe
of the brain. Then brain tissues were homogenized and
centrifuged. MDA and SOD contents were gained by chemical
colorimetry (kit purchased from Bioengineer Institute of Nanjing
Jiancheng, China).

Congregation of leucocytes and mural counting in blood capillary
After stained by HE, the whole number of leucocytes in 20 sections



of brain tissues was counted under light microscope to obtain
the mean number.

Statistical analysis
The data were expressed as mean±SD and analyzed by software
of SPSS10.0. P<0.05 was considered statistically significant.

RESULTS
Serum TNFααααα level
The level of TNFα in blood serum in acute necrotizing pancreatitis
group (264.58±4.39 pg/mL) was increased markedly (P<0.05)
compared with that in the normal control group (25.17±2.26 pg/mL).
But the level of TNFα in blood serum in the TNFα antibody
treated group (74.33±1.78 pg/mL) was decreased markedly
(P<0.05) compared with that in acute necrotizing pancreatitis
group.

Brain water content
Brain water content in the acute necrotizing pancreatitis group
(83.17±1.42%) was significantly higher than that in the normal
control group (77.09±0.51%). But it was significantly lower in
the TNFα antibody treated group (81.41±1.52%) than in the
acute necrotizing pancreatitis group (P<0.05).

Brain MDA content
Brain MDA content of in the acute necrotizing pancreatitis group
(17.26±3.18 nmol/mL) was increased remarkably (P<0.05) compared
with that in the normal control group (5.32±1.40 nmol/mL). It
was decreased remarkably in the TNFα antibody treated group
(11.71±3.26 nmol/mL) in comparison with acute necrotizing
pancreatitis group (P<0.05).

Brain SOD content
Brain SOD content in the acute necrotizing pancreatitis group
(35.52±3.10 nmol/mL) was increased remarkably compared with
that in the normal control group (13.40±2.77 nmol/mL). It was
decreased remarkably in the TNFα antibody treated group
(23.65±1.93 nmol/mL) in comparison with acute necrotizing
pancreatitis group (P<0.05).

Leucocyte mural counting of brain blood capillary
The number of leucocyte mural counts in blood capillary in
every 20 blood capillaries in the TNFα antibody treated group
(38.37±3.43) was significantly lower (P<0.05) than that in the
acute necrotizing pancreatitis group (62.15±5.18).

DISCUSSION
Cytokines, mainly excreted by immunocytes in human body,
are soluble peptides, which play important roles in immune
activation and inflammatory reactions. In normal conditions,
the content of cytokines is very low. However, the expression
of cytokines is increased remarkably following multiple
stimulations, such as infection and trauma. It is well known that
the overactivation of cytokines could induce or even aggravate

tissue damage[12-16]. Acute severe pancreatitis could always lead
to systemic inflammatory response syndrome (SIRS) and
multiple organ dysfunction syndrome (MODS)[17-24]. The present
studies have focused on the pathogenesis and therapy of respiratory
failure, kidney failure, hepatic failure and cardiovascular function
failure complicated by acute severe pancreatitis. However,
investigations on mechanism of brain damage and related
preventive measures after acute severe pancreatitis remain ineffective.
      TNFα is excreted by activated macrophages, endothelial cells
and B lymphocytes with multiple functions. It can play important
roles in inflammatory reactions. Animal experiments suggested
that serum TNFα in patients with acute severe pancreatitis
could induce pancreatic and other organs’ damages. In the
early period of acute severe pancreatitis, TNFα was involved
in occurrence and progress of acute severe pancreatitis. On
the other hand, TNFα was closely related with the severity and
mortality of this disease[25-31].
     In acute severe pancreatitis, the mechanisms of TNFα -
induced brain damage included[32-40]: (1) TNFα could stimulate
differentiation of phospholipase A2 or directly activate
phospholipase, aggregate and activate leucocytes to release
cellular media, thus reinforcing permeability of blood capillary
including platelet active factor (PAF), leukotriene B4 (LTB4),
nitrogen monoxide (NO), thromboxane A2 (TXA2), prostaglandin
(PG) and oxygen-derived free radidicals. The media in positive
feedback could accelerate the yield of TNFα , and thereby form
“waterfall” cascade reaction. (2) TNFα could directly increase
the permeability of blood endothelial cells, and also act through
leukocytes, up-regulate adhesive factors of endothelial cells,
such as ELAM-l and ICAM-l, thus facilitating adhesiveness
and contraction of leukocytes to cause leakage of blood capillary
and tissue damage. (3) TNFα could induce inflammatory injuries
of myelin sheath by direct toxicity or activating immune cells.
      In the present study, we attempted to relieve pancreatic
encephalopathy by using TNF α antibody. The results showed
that the level of serum TNFα, content of brain water, MDA and
SOD as well as mural leucocyte count of the rats in TNFα
antibody treated group, reduced significantly compared with
those in acute necrotizing pancreatitis group. The present data
suggest that TNFα antibody plays an important protective
role in pancreatic encephalopathy in rats. But the optimal
concentration of TNFα antibody and its influence on body
immune system still need further investigation.
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Abstract

AIM: To assess the effects of intramuscular analgesics
(morphine, Ap-237, pethidine and tramadol) on human
Oddi's sphincter motility with choledochoscope manometry.

METHODS: A total of 70 patients having T tubes after
cholecystectomy and choledochotomy were assessed by
choledochoscope manometry. They were randomly divided
into morphine group, Ap-237 group, pethidine group and
tramadol group. Basal pressure of Oddi's sphincter (BPOS),
amplitude of phasic contractions (SOCA), frequency of
phasic contractions (SOF), duration of phasic contractions
(SOD), duodenal pressure (DP) and common bile duct
pressure (CBDP) were scored and analyzed. All narcotic
analgesic drugs were administered intramuscularly.

RESULTS: Levels of BPOS, SOCA and SOF were increased
after injection of morphine and Ap-237 (P<0.05), level of CBDP
was increased from 4.97±3.87 mmHg to 8.62±7.43 mmHg
(10 min later) and 7.32±5.95 mmHg (20 min later) after
injection of morphine (P<0.01). No apparent change
occurred after intramuscular injection of pethidine. Level of
BPOS was increased from 7.01±5.50 mmHg to 2.87±2.78 mmHg
10 min after injection of tramadol and SOCA was decreased
from 63.34±35.29 mmHg to 45.90±27.86 mmHg (10 min
later,P<0.05) and 35.97±24.30 (20 min later,P<0.01) after
administration of tramadol.

CONCLUSION: All these findings indicate that Oddi’s
sphincter manometry via choledochoscope is a practical
and new way to study the dynamics of Oddi’ s sphincter.
The regular dose of morphine and Ap-237 could increase
BPOS, SOF and SOCA. Morphine could increase the level
of CBDP, demonstrating an excitatory effect on the sphincter
of Oddi.  Pethidine had no effect on Oddi's sphincter motility.
Tramadol shows an inhibitory effect on the motility of the
sphincter of Oddi and decreases levels of BPOS and SOCA.

Wu SD, Zhang ZH, Jin JZ, Kong J, Wang W, Zhang Q, Li DY,
Wang MF. Effects of narcotic analgesic drugs on human Oddi’s
sphincter motility. World J Gastroenterol  2004; 10(19):
2901-2904
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INTRODUCTION
Morphine can cause excitatory effect on Oddi's sphincter
motility and therefore induces upper abdominal pain with

characteristics of biliary colic in some patients. Morphine could
increase intrabiliary duct pressure[1-3], and delay bile flow to
the duodenum[4], for this reason, other opioid analgesics rather
than morphine are recommended clinically to relieve the pain,
especially biliary pain. It is believed that pethidine has less
effect on the sphincter than morphine and therefore is
usually the drug of choice for pain relief in acute pancreatitis.
Pethidine is also commonly used during endoscopic retrograde
cholangiopancreatography (ERCP). Because of potential
interference, all narcotic analgesic drugs, including pethidine,
are proscribed during Oddi's sphincter manometry (OSM).
However, the performance of OSM with only diazepam sedation
was difficult as pethidine markedly improves ERCP tolerance.
     The aim of this study was to evaluate the effects of four
analgesic drugs on human Oddi’s sphincter motility by
choledochoscope manometry, and to understand the different
clinical responses to analgesics.

MATERIALS AND METHODS
Patients
OSM was performed for 70 patients (25 men, 45 women, and
mean age 55.5 years, range 35-77 years) with PENTAX
choledochoscope at the Second Affiliated Hospital of China
Medical University between November 2001 and December 2003.
All patients underwent cholecystectomy and choledochotomy,
at least 1.5 mo (mean 2.5 mo) after T tube drainage. The patients
were fasted overnight before manometry.

Methods
A triple lumen polyethylene manometry catheter 200 cm in length
with an outer diameter of 1.7 mm was used for manometry. The
three side holes in the distal end were located 2 mm apart.
Sterile water was infused through the catheter at a flow rate of
0.5 mL/min by a hydraulic capillary infusion system. PC
polygraph HR (Swedish CTD-Synetics medical company) and
relevant program were used to record and analyze the tracings.
Manometry was performed after all the stones were removed
from the common bile duct. The catheter was introduced via
the side-pore of choledochoscope into duodenum directly,
when the pressure was stable, duodenal pressure-curve was
recorded. It was then withdrawn in a stepwise fashion, the
position of catheter in the sphincter could be confirmed by
direct observation through choledochoscope or by the
characteristic pressure changes on the screen. The Oddi’s
sphincter and common bile duct motility tracings were recorded
respectively. Drugs were administered intramuscularly at 10 min
intervals.
      Patients were randomly administered one of the four different
drugs. Morphine was administered in a dose of 0.1 mg/kg after
the first measurement, the second and third manometries were
performed respectively 10 min and 20 min later. Each of the
other three analgesics was administered in a dose of 1 mg/kg.
The procedures were same as in morphine group.
      Basal pressure of Oddi’s sphincter (BPOS), amplitude of
phasic contractions (SOCA), frequency of phasic contractions
(SOF), duration of phasic contractions (SOD), duodenal
pressure (DP) and common bile duct pressure (CBDP) were
recorded and analyzed with a special computer program.
Statistical analysis was carried out using the Student’s t- test.



Data were expressed as mean±SD. A single-tailed P value <0.05
was considered statistically significant.

RESULTS
Seventy patients with T-tubes had no evidence of ampullary
abnormality underwent OSM. Clear tracings of pressure and
phasic contractions were acquired. Data were compared.

Effect of morphine on Oddi’s sphincter motility
Morphine at the dose of 0.1 mg/kg produced an immediate and
marked stimulatory effect on the sphincter of Oddi and bile
duct, which was obvious 10 min after injection. Levels of BPOS,
SOCA, SOF and CBDP were all significantly increased (P<0.01)
and the effect persisted for 20 min (Table 1). Ten patients (25%)
had an increased BPOS between 30-40 mmHg, four patients
had an increased BPOS over 40 mmHg after drug administration.

Effect of pethidine on Oddi’s sphincter motility
No statistical difference before and after administration of
pethidine (1 mg/kg). Pethidine showed no apparent effect on

Oddi’s sphincter motility (Table 2).

Effect of Ap-237 on Oddi’s sphincter motility
Marked increased levels of BPOS, SOCA and SOF were
observed 10 min after injection of Ap-237, and high levels of
BPOS and SOF persisted for 20 min, which showed an excitatory
effect on Oddi’s sphincter motility (Table 3).

Effect of tramadol on Oddi’s sphincter motility
Levels of BPOS and SOCA were obviously reduced 10 min
after administration of tramadol, which maintained at low levels
for 20 min and showed an inhibitory effect of tramadol on Oddi’s
sphincter motility. (Table 4)

DISCUSSION
The most important development in our understanding of Oddi’s
sphincter motility came with the advent of Oddi’s sphincter
manometry (OSM) in the mid-1970s. Then, it was considered as
the gold standard method for evaluating the function of Oddi’s
sphincter. OSM could be directly performed during surgery, or

Table 1  Manometric data before and after administration of morphine in 40 patients (mean±SD)

    Before morphine                 10 min after morphine 20 min after morphine
administration (n = 40)    administration (n = 40) administration (n = 10)

Oddi’s sphincter basal pressure (mmHg)   8.90±9.11 22.23±16.04b          20.51±13.46b

Amplitude of phasic contractions (mmHg) 50.85±36.66            104.97±49.15d          89.04±62.37d

Frequency of phasic contractions (n/min)   7.22±2.89   9.29±1.93f            8.85±2.42f

Common bile duct pressure (mmHg)   4.97±3.87   8.62±7.43h            7.32±5.95h

bP, dP, fP, hP<0.01 vs themselves, n represents the number of patients involved in the research.

Table 2  Manometric data before and after administration of pethidine in 10 patients (mean±SD)

      Before pethidine    10 min after pethidine           19 min after pethidine
administration (n = 10)   administration (n = 10)        administration 20 (n = 10)

Oddi’s sphincter basal pressure (mmHg)   7.06±5.07 11.24±6.11            6.68±4.32

Amplitude of phasic contractions (mmHg) 78.52±40.23 95.65±45.49                      70.35±31.67

Frequency of phasic contractions (n/min)   7.31±1.95   6.49±2.81                        7.92±2.07

Common bile duct pressure (mmHg)   4.23±2.83   4.70±3.87                        3.91±3.36

n represents the number of patients involved in the research.

Table 3  Manometric data before and after administration of Ap-237 in 10 patients (mean±SD)

        Before Ap-237       10 min after Ap-237               20 min after Ap-237
  administration (n = 10)     administration (n = 10)             administration (n = 10)

Sphincter of Oddi basal pressure (mmHg)  6.42±5.10 11.33±9.39a          11.34±8.40a

Amplitude of phasic contractions (mmHg)            52.56±30.99 87.03±51.72c          50.06±29.11

Frequency of phasic contractions (n/min)  5.62±1.34   7.72±2.16e            9.28±3.98f

Common bile duct pressure (mmHg)  4.20±3.97   4.82±2.30            3.25±2.30

aP, cP, eP<0.05, fP<0.01 vs themselves, n represents the number of patients involved in the research.

Table 4  Manometric data before and after administration of tramadol in 10 patients (mean±SD)

       Before tramadol        10 min after tramadol 20 min after tramadol
administration (n = 10)        administration (n = 10) administration (n = 10)

Sphincter of Oddi basal pressure (mmHg)   7.01±5.50   2.87±2.78a          6.39±5.37

Amplitude of phasic contractions (mmHg) 63.34±35.29 45.90±27.86c        35.97±24.30d

Frequency of phasic contractions (n/min)   7.24±2.52   8.14±2.54          7.07±3.70

Common bile duct pressure (mmHg)   4.41±2.65   3.97±4.69          4.96±2.82

aP, cP<0.05, dP<0.01 vs themselves, n represents the number of patients involved in the research.
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indirectly during ERCP, via a T-tube or percutaneously. A basal
pressure and phasic contractions of Oddi’s sphincter could be
obtained with OSM.
      OSM during ERCP is a useful tool in the evaluation of
patients with unexplained pancreaticobiliary pain or recurrent
idiopathic pancreatitis[5-7]. However, it might provoke serious
pancreatitis[8,9]. It is a technical procedure, because it requires
selective deep bile duct and/or pancreatic duct cannulation
during active duodenal peristalsis and in suboptimally anesthetized
patients. These features account for the relatively high failure
rate (up to 20%) even in expert hands[10].
     OSM via choledochoscopic approach allows easy and
accurate recording of Oddi’s sphincter pressure and makes a
long time maneuver of manometry possible. The position of
manometric catheter in the sphincter can be monitored on the
screen with the characteristic phasic contractions. It also could be
confirmed by direct observation through choledochofiberoscopy.
And it is easy to get enough patients for manometry. However,
it is difficult to get a relative normal value of the sphincter of
Oddi via choledochoscope manometry, for patients with a T-
tube tract often suffer from hepatobiliary or pancreatic diseases.
Furthermore, whether irrigation of natural cold saline and the
semi-closed state of bile duct during choledochoscopic procedure
affect the motility of the sphincter of Oddi is unknown.
      Morphine and pethidine are the two most commonly used
analgesic drugs. Their effects on the sphincter of Oddi have
well been researched. Helm et al.[11] studied the effect of morphine
on SO using OSM during ERCP. In a small cumulative dose of
2.5-5 µg/kg, morphine increased the frequency of phasic
contractions to a maximum of 10-12/min, but it did not affect the
mean amplitude of phasic contractions and the mean SO basal
pressure. As the cumulative dose was increased from 10 to 20 µg/kg,
no further increase in the frequency of phasic pressure waves
was seen. Instead, the phasic wave amplitude and the mean SO
basal pressure increased. Blaut et al.[12] found that morphine
increased the intraductal biliary pressure (IDP) with OSM via a
T-tube, but the high intraductal biliary pressure caused by
morphine could be counteracted by transcutaneous electrical
nerve stimulation (TENS). Elta et al.[13] performed ERCP
manometry to evaluate the effect of pethidine at therapeutic
doses on SO manometry, and found that after administration of
pethidine the frequency of phasic contractions increased, but
the mean SO basal pressure did not change. Using the same
method, Sherman et al.[14], found that biliary sphincter basal
pressure and phasic wave amplitude were not significantly
altered by pethidine, but phasic frequency increased and phasic
duration decreased slightly after administration of pethidine,
sphincter basal pressure of the pancreatic and the common
channel’s sphinctures was not significantly altered, but their
phasic wave amplitude decreased, phasic frequency increased,
and phasic duration decreased.
      The only study directly comparing morphine to pethidine
with OSM was done in 1990 by Thune et al.[15] They compared
the effect of morphine and pethidine on patients intraoperatively
after surgical placement of a catheter across the SO. Morphine
was associated with an increase in phasic wave frequency, but
no change was found in basal sphincter pressure, amplitude,
or wave propagation direction. Pethidine showed a dose-
dependent decrease in phasic wave frequency but without
significant changes in the basal sphincter pressure, contraction
amplitude or wave propagation direction.
      We found that morphine could increase the basal pressure
of Oddi’ sphincter, common bile duct pressure, frequency and
amplitude of phasic contractions. Morphine showed an
excitatory effect on the sphincter of Oddi, and might be a cause
of Oddi’s sphincter dysfunction(SOD). SO may function as a
peristaltic pump to actively expel fluid from the sphincter segment
into the duodenum. The SO segment fills with fluid from the

common bile duct (CBD) only during the diastolic interval
between phasic contractions. Outflow of fluid from the CBD is
reduced or arrested when (1) the frequency of phasic contractions
increases sufficiently to compromise diastolic filling of the
sphincter segment, (2) phasic contractions propagate retrograde
or occur simultaneously along the sphincter segment, or (3)
passive filling of the sphincter segment is prevented by a BPOS
that exceeds the CBDP. Morphine could cause functional
obstruction of the SO by all three of these mechanims[11]. OSM
shows a diagnotic value for Oddi’s sphincter dysfunction.
Elevated basal pressure (>40 mmHg) was the most important
manometric finding in Oddi’s sphincter dysfunction and its
borderline was about 30-40 mmHg. Our study found that 10
patients (25%) had an increased BPOS between 30-40 mmHg,
four patients had an increased BPOS over 40 mmHg. So morphine
can cause spasm of SO and should not be used during ERCP
manometry or choledochoscope examination. After administration
of pethidine, no patients had an elevated BPOS up to 30 mmHg.
Pethidine could be used for an additional analgesia during OSM.
This may improve both patient’s tolerance and the success
rate of the procedure. But we should be cautious in patients
with renal failure, hepatic failure or central nervous system
diseases. For the pethidine metabolite, normeperidine, might
invoke seizures at high doses or in patients with renal failure.
Hubbard[16] reports that pethidine invoked seizures in a patient
with Oddi’s sphincter dysfunction.
      Tramadol has the same analgesic effect as morphine. But it
has little effect on the respiratory system and circulation system,
and can be used in old patients with respiratory system diseases.
There were only a few researches about its effect on the
sphincter of Oddi. Staritz et al.[17] and Brandstatter et al.[18]

performed ERCP manometry to evaluate the effect of tramadol
on SO manometry, and found that it had no apparent effect on
Oddi’s sphincter motility. Our study indicated that tramadol
could decrease BPOS and the amplitude of phasic contractions,
showing an inhibitory effect on the sphincter of Oddi, and tramadol
could be used during ERCP manometry and choledochoscope
examination.
       As a fast acting analgesic, Ap-237 has little effect on visceral
pain. A MEDLINE search found no report about its effect on
the sphincter of Oddi. We found that Ap-237 could increase
BPOS, amplitude and frequency of phasic contractions,
showing an excitatory effect on the sphincter of Oddi, and
Ap-237 should not be used in patients with hepatobiliary and
pancreatic diseases.
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Abstract

AIM: To discuss the angiographic features of gastrointestinal
stromal tumor (GIST) and to evaluate their diagnostic role.

METHODS: Twelve patients with pathologically proved GIST
underwent angiography (DSA)1 wk before operation, using
Puck and digital subtraction DSA. The origin, size, morphology
and angiographic appearance of the lesions were reviewed.

RESULTS: Two tumors arose from stomach, 8 from jejunum,
and 2 from ileum. Seven cases were benign and 5 were
malignant. Obviously thickened supplying arteries were
detected in 8 tumors, and early-developed veins were found
in 3. Two types of angiographic changes of GIST were observed.
Four cases had twisted irregular neoplastic vessels with
partially coarse and indistinct margins, which were all
malignant. Eight cases had ball-like neoplastic vessels with
uniform tumor staining, of which 7 were benign and 1 was
malignant.

CONCLUSION: Angiography facilitates localization and
diagnosis of GIST, helps define their size, range and location,
and is especially valuable to patients suffering from melena
with unknown reasons.

Fang SH, Dong DJ, Zhang SZ, Jin M. Angiographic findings of
gastrointestinal stromal tumor. World J Gastroenterol  2004;
10(19): 2905-2907
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INTRODUCTION
Gastrointestinal stromal tumor and its imaging features have
been reported[1-3]. However, to our knowledge, the appearance
of GIST at angiography has been seldom discussed. We
analyzed retrospectively the angiographic appearance of 12
cases of GIST, which was proved by surgical pathology
(immunohistochemistry), and the diagnostic value of angiography
was discussed.

MATERIALS AND METHODS
Subjects
Twelve patients (4 women and 8 men, aged 40-70 years with a
mean age of 53.3 years) with pathologically proved GIST
(immunohistochemistry) who underwent angiography 1 wk
before surgery were included. All the patients suffered from

recurrent melena for 3 mo to 3 years, with syncope in 2 cases, a
palpable abdominal mass in 1 case, and concomitant abdominal
pain in another case.
        After routine preparations, Seldinger’s puncture of femoral
artery and super selective catherization, angiographies of
superior mesenteric artery, inferior mesenteric artery and coeliac
trunk were performed sequentially using 6-7 F catheters.
Omnipaque (iodine content: 350 mg/mL) as contrast medium
was administered with a dose of 30 mL and at a rate of 8 mL/s
for superior mesenteric artery, 20 mL/s and 6 mL/s for inferior
mesenteric artery, and 40 mL/s and 8 mL/s for celiac trunk. Puck
changer was used in all angiographies (with the sequence 2
films/s×3 s, 1 film/s×4 s, 1 film/2 s×4 s), and DSA was selected
necessarily (with acquisition sequence 3.1 films/s×5 s, 1.6
films/s×5 s, 1 film/s×2 s). The dose and rate of contrast medium
were same in two methods. The apparatus was GE medical
systems, Hiline.

RESULTS
Size origin and morphology of the tumors
Two tumors arose from stomach, 8 from jejunum (Figures 1,2),
and 2 from ileum. Most of them were originated from the jejunum
with a percentage of 66.7% (8/12). The lesions had different
sizes, ranged from 3 cm×3 cm×2 cm to 5 cm×6 cm×4 cm (mean
4 cm×4.5 cm×3 cm) in 7 benign lesions, of which 5 lesions were
malignant (Figure 3). The smallest was 5.5 cm×4.5 cm×3 cm and
the largest was 6.5 cm×10 cm×7 cm. All tumors were round or
oval in shape, except an irregular malignant tumor and another
dumbbell-shaped benign tumor growing endophytically and
exophytically from the intestinal lumen at the same time.

Angiographic appearance
Thickened supplying arteries were observed in 8 tumors
(Figure 1), of which 6 were benign and 2 were malignant. Early-
developed veins were found in 3 cases (Figure 1), all of which
were benign. Four cases having irregular twisted neoplastic
vessels with different vessel size and partially coarse and
obscure vessel margin were all malignant (Figure 3). Eight cases
have ball-like neoplastic vessels with clear margins, included 7
benign and 1 malignant cases. However, the 7 benign cases all
had predominantly homogeneous tumor staining with distinct
margins (Figures 1, 2).

Boundary of tumors and relationship to surrounding structures
Four malignant tumors had an indistinct border, and the others
had a clear margin. The surrounding organs were pushed by
the tumors. Intestinal intussusception was found in 1 patient
with recurrent abdominal pain.

Pathology
The neoplastic cells were fusiform or polygon in shape, and
arranged in interlacing or swirl or fence-like. LSAB label was
used in immunohistochemistry. Leiomyomas or leiomyosarcomas
of other organs (uterus and soft tissue) and shwannomas of soft
tissue were chosen for comparisons. High positive presentation
of Vim, CD117 and CD34 was found in 12 cases of GIST. Negative
presentation of CD34 was found in leiomyomas or leiomyosarcomas,
and positive S-100 and negative CD34 were found in shwannomas.



Figure 2  Benign stromal tumor and marked homogeneous
tumor-staining in a 41-year-old male. A: Benign stromal tumor;
B: Marked homogeneous tumor staining.

Figure 3  Malignant stromal tumor and heterogeneous tumor
staining in a 35-year-old female. A: Malignant stromal tumor;
B: Heterogeneous tumor staining with irregular morphology.

Others
Five malignant tumors contained necrotic or cystic changes
with different degrees and two possessed central hemorrhage.
Six patients in this study underwent CT at the same time.
Masses were revealed by CT in 4 cases, only intestinal
intussusception was seen in 1 patient, and diagnosis could
not be established with confidence in the other case because
of the relatively small size. Of the 3 patients who underwent
barium examinations, one was normal, one had an intestinal
filling defect and another had his intestines pushed away. No
metastasis was found before surgery and no lymphadenopathy
was demonstrated during operation.

DISCUSSION
GIST included the majority of primary non-epithelial tumors of
gastrointestinal (GI) tract. These tumors were originated from

cells located in the wall of the organ and showed a remarkable
variability in their differentiation pathways. They can be divided
into 4 major categories on the basis of their phenotypical
features: tumors showing differentiation toward smooth muscle,
tumors showing apparent differentiation toward neural
elements, tumors showing dual differentiation toward smooth
muscle and neural elements, tumors lacking differentiation
toward either cell type even after exhaustive immunohistochemical
and ultrastructural probing[4,5]. However, with the development
in immunohistochemistry and ultrastructural probing, it has
been agreed generally that GIST is an independent kind of
tumors originated from primitive mesenchymal cells of GI
tract with non-directive differentiation, some of which have
incomplete differentiation parts of smooth muscles and/or nerve
sheath cells[1,6-8]. Micro superstructures of these tumors are
similar to those of primitive mesenchymal cells without any
characteristics of differentiated cellularity. Vim, CD117 and CD34

are highly presented in immunohistochemistry. The standards
were all compliant in this study.
      GIST could be localized in any portion of the GI tract, but
was most often found in the gastric part[9,10]. The jejunum as
the most frequent place (66.7%) in this group did not reflect the
fact, because it is not necessary for gastric lesion to do angiography
when endoscopy, endoluminal ultrasonogrphy or barium study
was available and effective.
       CT and MR imaging features have been reported previ-
ously[1-3,10]. To our knowledge, however, few articles included
a description of the appearance of GIST on angiography.
According to our study, tdwo types of angiographic changes
could be concluded. First, abnormally distributed twisted
neoplastic vessels with different thickness and obscure margin
were one of the malignant features, and heterogeneous tumor
blush with ill-defined border in capillary phase was another.
Second ball like vessels with a clear margin, well defined
homogeneous tumor staining in round or oval shape, and early-
developed veins, suggested a benign GIST. The differentiation
points have been described in many previous documents
already, including that the malignant tumor was characterized
by a larger size more than 5 cm, necrosis, hemorrhage, an indistinct
border, and adherence to or direct invasion of the structures
nearby[5,11]. The tumors in our group with first type of manifestations
were all malignant, but they were found in a relatively small
number of patients.
      There are many diagnostic approaches for GIST, including
barium meal, double-contrast barium study, ultrasonography,
fibro-endoscopy, endoluminal ultrasonography, CT, MR
imaging and angiography. The sensitivity of these procedures
varied according to the different sites of lesions. CT has
been considered as the most effective method[1,9]. Therefore,
angiography is used less and less in diagnosing tumors of GI,
as a result, angiography is only recommended for patients with
melena when no abdominal mass is palpable and the examination
of upper GI is negative. It helps indicate the supplying arteries,
differentiate benign from malignant tumors, and define their
size, range and origin, despite the tumors grow exophytically
or endophytically. On the other hand, we do not suggest routine
use of this procedure because of its traumatic property, high
risk and relative complicated technique.
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Abstract

AIM: To investigate the growth hormone (GH) and growth
hormone receptor (GHR) expression of and its clinical
significance in patients with chronic atrophic gastritis (CAG).

METHODS: A total of 90 cases were enrolled in the study.
Thirty were healthy controls, the other 60 patients were
divided into two groups according to the endoscopical and
histological diagnosis. Blood samples were drawn in the
morning (menarche did not occur during the blood
extraction in female patients), gastric mucosa was obtained
by endoscopy. Serum GH and gastrice mucosal GHR levels
were measured using radioimmunoassay (RIA) and En
Vinsion technique.

RESULTS: The average GH level was 1.021±0.132 µg/L in
CAG patients, in controls it was 2.869±0.512 µg/L. There
was a significant difference between these two groups
(P<0.01). The positive rate of GHR in CAG patients was
10%, in controls the rate was 100%. There was a
significant difference (P<0.01). There was no significant
change of GH level (3.176±0.421 µg/L) in patients with
gastric carcinoma compared with controls (P>0.05).

CONCLUSION: The study shows that levels of GH and
GHR expression are low in CAG patients. CAG pathogenesis
has a correlation with mucosal nutrient deficiency,
decreased levels of GH and GHR have an adverse effect on
the repair and regeneration of CAG. There is no significant
change of GH in gastric carcinorma patients, GH dose not
play a role in the pathogenesis of gastric cancer.
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INTRODUCTION
Growth factor family is a group of protein hormones discovered
during the 20th century. This family includes growth hormone
(GH), insulin-like growth factor (ILGF), epidermal growth  factor
(EGF), transfer growth factor (TGF), and vascular endothelial
growth factor (VEGF), etc. These factors can stimulate cell DNA,
RNA and protein synthesis, control cell growth and differentiation,

and promote regeneration of  injured epithelia[1-7]. Studies in
recent years have shown that there is an intimate relationship
between growth factor and gastric mucosal disease[6]. Growth
hormone (GH) is a type of monopeptide strain hormone released
from anterior pituitary eosinophilic cells. In the gastrointestinal
(GI) tract, GH is known to promote water and electrolyte
transport and calcium absorption. The proliferative functions
of GH have been reported as well. Administration of GH restores
the intestinal and gastric mucosal weight after hypophysectomy
in rats, it is regarded as an important nutrient factor[8].
      Chronic atrophic gastritis (CAG) is a gastric precancerous
lesion and has a high morbidity in China[9]. Gastric mucosal
malnutrient is considered as an important factor in the
pathogenesis of CAG[10-13].
       Since CAG was recognized as a precancerous condition of
the stomach by the World Health Organization in the early 1980 s,
a number of methods have been tested for their ability to reverse
and prevent the development of cancer. Most gastric mucosa
protectors promote the growth and repair of gastric mucosa by
promoting the aggregation and secretion of growth factors
such as EGF, TGF. In a previous animal study, GH/GHR
expression was measured on atrophic gastritis rats. The levels
of GH and GHR expression in rats with CAG were low[14].
However, the effect and safety of GH in clinical use are uncertain
in CAG. The purpose of the present study was to investigate
the expression of GH/GHR in patients with CAG and gastric
cancers.

MATERIALS AND METHODS
Research subjects
Ethical approval for this study was given by the Sir Run Run
Shaw Hospital in May 1999. Clinical data were obtained by
review of case records for all patients. Patients were selected at
random from adult out-patients attending the gastroenterology
clinics. Diagnosis was made on the basis of clinical, endoscopical
and histological data according to standard criteria. We excluded
the patients who had abnormal findings in other vital organs
(such as the heart, liver, lung, pancreas and pituitary). Patients
were divided in two groups. Thirty patients in group B were
diagnosed as moderate-severe gastritis and 30 patients in group
C were diagnosed as gastric cancer, 30 unrelated individuals
served as controls. Characteristics of the research subjects are
shown in Table 1.

Sample collection and processing
After an overnight fast, 3 mL of blood was taken from cubital
vein. Blood samples were set for two hours, then centrifuged at
3 500 rpm for 15 min. Supernatant was saved and stored at -20 .
Two samples were taken from gastric antrum tissue and two
from gastric body tissue, or four from the primary focus, and
immediately immersed in 10% buffered formalin and embedded
in paraffin wax using standard techniques. Five µm thick
sections were cut and stained with hematoxylin and eosin for
histopathological analysis. Each slide was assessed.

Analytical methods
The level of serum GH was measured by radioimmunoassay



(RIA) (Reagents were from DPC Company in Tianjing). The
detection of gastric mucosal GHR expression was carried out
by immunohistochemistry and En Vinsion assay (reagents from
Biogenesis Company).

Table 1  Base-line characteristics of the patients

Characteristic         Group A                   Group B              Group C
                                (n = 30)                      (n = 30)                (n = 30)

Age (yr)        48±7     50±6        52±9
Male           19        17           20
Female           11        13           10
Endoscopical normal gastric         chronic atrophic        gastric
finding mucosa         gastritis(CAG)        cancer
Pathologic mild superficial        moderate-severe        gastric
finding gastritis(non-active) CAG with or        cancer

        without intestinal
         malplasia

Statistical analysis
Concentrations of serum GH were expressed as mean±SD.
Differences between the two groups were evaluated by t-test.
Significance was shown as P<0.05. The expression of GHR was
expressed as positive rate.  Differences between groups were
evaluated by χ2 test. Significance was shown as P<0.05. All
experimental data were analyzed with Spss-pc+ software.

RESULTS
The average level of serum GH was lower in group B than in
groups A and C. There were significant differences between
them, but there was no significant difference between groups
A and C.

Table 2  Serum GH Level (ng/mL) in the studied groups
(mean±SD)

Group                 A group                B group                C group
                             (n = 30)                (n = 30)                (n = 30)

GH level 2.869±0.5121,2    1.021±0.1321         3.176±0.4212

1tAB = 3.135 P<0.01 1tBC = 3.537 P<0.01 2tAC = 1.893 P>0.05.

Table 3  Positive rate of gastric mucosal GHR expression in
the studied groups (%)

Group                             A group          B group            C group
                                        (n = 30)           (n = 30)            (n = 30)

GHR expression 100 (30/30)1 10 (3/30)2 13 (4/30)1,2

1χ2
AB=49 P<0.01 1χ2

AC=45 P<0.01 2χ2
BC = 0.16 P>0.05.

     The positive rate of gastric mucosal GHR expression in
groups B and C was lower than that in group A. There were
significant differences between them, but there was no
difference between groups B and C.

DISCUSSION
Growth hormone (GH) is a type of monopeptide strain hormones
released from anterior pituitary eosinophilic cells. Growth
hormone receptor (GHR) is widely distributed in the gastrointestinal
tracts. GH takes its effect on target tissues by combining with
GHR. In the stomach, GHR is mainly distributed among parietal
and chief cells. In 1995, Nagano etc by using reverse transcription
PCR technology and Southern blot analysis, found the wide
distribution of GHR in the gastrointestinal tract especially in
epidermal cells, suggesting that GH and GHR could play an

important role in the regulation of metabolism, growth, and
differentiation of gastric mucosal cells. GH and GHR could
improve protein synthesis, promote wound healing, stimulate
gastrointestinal tract proliferation and repair, regulate
immunological responses, and improve absorption of nutrients[8].
Presently, clinical applications of recombinant human growth
hormone (rhGH) in various gastrointestinal ailments such as
malabsorption and short bowel syndrome were reported[15-19].
      Chronic atrophic gastritis (CAG) is a gastric precancerous
lesion and listed as the first of cancer prevention by WTO. CAG
pathogenesis has a correlation with mucosal nutrient deficiency.
CAG patients had a decreased serum level of trace elements
and beta-carotene with malnutrition[20-21].
       During the last several years, we have focused on exploring
the correlation between CAG and GH. In a previous animal
study, we measured the GH/GHR expression in atrophic
gastritis rats, and found the levels of GH and GHR expression
in rats with CAG were rather low. After removing the pituitary
glands from rats, Crean GP discovered that there were gastric
mucosal atrophy, shrinkage and decreased expression of
parietal and chief cells. Increased secretion of gastric acid and
pepsin, and exogenous GH have been shown to promote protein
synthesis and increase gastrointestinal absorption of nutrients.
We have considered using GH to treat CAG[14].
     Our present study showed the same results as before[14].
The levels of GH/GHR expression in patients with CAG were
significantly lower than normal. GH and GHR could regulate
the metabolism, growth and differentiation of gastrointestinal
epidermal cells, therefore, a decreased GH/GHR level would
hinder the repair and recovery of CAG. Decreased levels of GH
and GHR had an adverse effect on the progression of CAG.
This study suggests that when  CAG is treated, GH or GH-like
drugs may be considered in the treatment regimen to promote
mucosal repair and stop the progression of CAG.
      Exogenous GH has been shown to significantly increase
the expression of c-myc oncogene[22]. Watanabe et al.[23] showed
that by using N-methyl-N-nitrosourea solution to induce gastric
cancer in F344 rats, GH levels were elevated, suggesting that
high concentrations of GH play a role in the pathogenesis of
gastric cancer. Studies have shown that acromegalic patients,
had an increased risk of developing gastrointestinal tumor and
carcinoma[24-28]. Therefore, cautions should be taken to monitor
the possibilities of gastrointestinal cancers. Whether clinical
usage of growth hormone and medicine which stimulates the
release of growth hormone causes the carcinogenesis of
atrophic gastritis is concerned. Our study showed that the
serum GH level in gastric cancer patients and normal individuals
was similar, the positivity rate of GHR expression was not high,
suggesting that GH dose not play a role in the development of
gastric cancer. Lobie et al.[29] investigated the effect of GH on
gastric structure and function in GH-deficient Lewis (dwarf)
rats, Bovine GH (65 micrograms/100 g body wt), was administered
twice daily to adult male dwarf rats for 6 d (DW+) while control
animals received vehicle only (DW-). Administration of GH
produced a significant increase in body ,stomach wt and
stomach to body wt ratio. GH administration also resulted in an
increase of total gastric DNA, RNA, and protein. The density of
differentiated (parietal and chief) cell types was not significantly
different in DW- and DW+ animals. They demonstrated that
GH could stimulate proliferation and enlargement of the gastric
mucosae without significant alterations in cellular composition.
So we recommend using GH as a treatment agent for CAG, but a
definite conclusion needs further clinical observations.
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Abstract

AIM: To evaluate the therapeutic effectiveness of oxaliplatin
on human gastric carcinoma and to explore its mechanisms.

METHODS: Twenty-two cases of stage IV gastric carcinoma
received 4-6 (mean 4.6) cycles of first line combined
chemotherapy with oxaliplatin (oxaliplatin 85 mg/m2, iv, gtt,
1 h, d 1; leukovorin 200 mg/m2, iv, gtt, 1 h, d 1 and d 2; 5-
FU 300 mg/m2,iv, d 1 and d 2, 5-FU, continuous iv, gtt, 48 h;
1 cycle/2 wk). Response rate, progression-free survival
(PFS), total survival time, toxic side effects were evaluated.
The inhibitory effect of oxaliplatin on human gastric cell line
SGC-7901 was detected and IC50 was calculated by MTT.
Transmission electron microscopy, flow cytometry and
TUNEL were performed to evaluate the apoptosis of cell
line induced by the drug. The expression of Caspase-3
m-RNA was detected by RT-PCR. AC-DEVD-CHO, a
Caspase-3 specific inhibitor, was used to elucidate the role
of activated Caspase-3 in the process of apoptosis induced
by oxaliplatin.

RESULTS: Total response (complete and partial) occurred
in 9 (40.9%) patients. Mean PFS was 4.2 mo and mean
total survival time was 7.2 mo. Cumulative neurotoxicity
(all grade I-II), vomiting and diarrhea, myelosuppression
appeared in 93.5%, 20%, 32.9% patients, respectively.
IC50 was calculated to be 0.71 mg/L by MTT assay. A maximal
inhibitory rate reached 85.3%. Apoptosis index was elevated
after incubated with 1 mmol/L oxaliplatin for 30 min, but
without statistic significance (P>0.05). However it could
be detected at a much higher degree both by flowcytometry
and by TUNEL with a statistical significance (68.47±7.92%
and 8.23±2.67%, respectively, P<0.05) after incubated with
1 mmol/L oxaliplatin for 2 d. By means of RT-PCR, we detected
an enhancement of Caspase-3 m-RNA expression induced
by oxaliplatin which was also in positive correlation with
the apoptotic level. AC-DEVD-CHO, a Caspase-3 specific
inhibitor, could significantly inhibit and delay apoptosis
induced by oxaliplatin.

CONCLUSION: Oxaliplatin is effective and well-tolerated
in patients with advanced gastric carcinoma. Oxaliplatin
could significantly inhibit the growth of human gastric cell line
SGC-7901. The induction of Caspase-3 m-RNA expression,
activation of Caspase-3 and promotion of apoptosis may
be some of the therapeutic mechanisms of oxaliplatin on
gastric carcinoma. Annexin-V-fluorescein labeling flow
cytometry is much more sensitive than TUNEL in detecting

early stage apoptosis.
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INTRODUCTION
Gastric cancer is one of the common carcinomas in human being.
Drug treatment draws more and more attention as an essential
part of comprehensive treatment of gastric malignancy. Gastric
carcinoma is relatively sensitive to chemotherapy. It is generally
considered that chemotherapy may prolong patient’s life and
decrease relapse. Oxaliplatin (L-OHP) is an innovative third
generation platinum compound with powerful anti-neoplasm
competence, lack of cross drug resistance with CDDP, with a
synergistic effect with 5-FU and satisfactory safety profile.
This new anticancer drug provides us more choices in fighting
against malignancy, especially colon cancer. At present, treating
gastric cancer with oxaliplatin and the relationship between
chemotherapy and cancer cell apoptosis draw more and more
attention. The discovery of Caspase family (cysteine proteases)
that is implicated in the execution of programmed cell death in
organisms ranging from nematodes to humans, brings the fresh
air to the research of malignant cell apoptosis. The Caspase
family is big and family members interact with each other to
promote or inhibit the process of apoptosis. Caspase-3 locates
in the downstream of the Caspase cascade. The proteolytic
activation of Caspase-3 plays a key role in apoptotic process.
This article summarizes the effect and side effects of
chemotherapy with oxaliplatin on 22 cases of stage IV human
gastric cancer, and tries to elucidate the mechanisms of
chemotherapy by detecting apoptosis of cancer cells and
evaluating the role Caspase-3 plays in apoptotic process.

MATERIALS AND METHODS
Patients
A total of 22 cases of stage IV human gastric cancer patients
who underwent chemotherapy in the Affiliated Xinhua Hospital
of Shanghai Second Medical University from January 1999 to
September 2002 were enrolled in this study. There were 17 men
and 5 women, and their age ranged from 25 to 70 years (mean,
60±10 years).  Among the 22 patients, 16 had poorly differentiated
adenocarcinoma and 6 had signet ring cell carcinoma.

Methods
Each case received a combination chemotherapy containing L-
OHP ( L-OHP 85 mg/m2 by continuous intravenous infusion for
2 h on d 1, leucovorin 200 mg/m2 by continuous intravenous
infusion for 1 h on d 1 and d 2, 5-FU 300 mg/m2 by bolus
intravenous injection on d 1 and d 2, 5-FU 1200 mg/m2 by
continuous intravenous infusion for 48 h, one course lasting 2 wk
for 4-6 courses).

Cell culture
Human gastric adenocarcinoma cell line SGC-7901, purchased



from the Shanghai Institute of Cell Biology, Chinese Academy
of Sciences, was routinely maintained in RPMI 1640 containing
100 mL/L fetal bovine serum (FBS), 100 U/mL penicillin, 100 U/mL
streptomycin at 37  in a humidified atmosphere containing
50 mL/L CO2.

MTT assay
Cells were seeded at the density of 5×103 per well in 96-well
plates in RPMI-1640 containing 100 mL/L FBS. After 24 h, fresh
medium was added, containing oxaliplatin at concentrations of
0 to 10 mg/L. After 48 h incubation, MTT assay was performed,
150 µL of stock MTT (0.5 mg/mL) was added to each well, and
the cells were further incubated at 37  for 4 h. The supernatant
was removed and 150 µL DMSO was added to each well. An
ELISA reader was used to measure the absorbance at a
wavelength of 525 nm.

Transmission electron microscopy
The cells treated with 0.1 mg/L oxaliplatin were trypsinized and
harvested after 24 h. Subsequently the cells were fixed in 40 g/L
glutaral and immersed with Epon 821, embedded in capsules
and converged for 72 h at 60 , then prepared into ultrathin
sections (60 nm) and stained with uranyl acetate and lead citrate.
Cell morphology was examined by transmission electron
microscopy.

Flow cytometry
SGC-7901 cells were treated with oxaliplatin or oxaliplatin plus
AC-DEVD-CHO at oxaliplatin concentrations of 0 to 10 mg/L
for 30 min. Cells were digested by 2.5 g/L trypsin, washed in
0.01 mol/L PBS, fixed by cold alcohol at 4  and dyed with
annexin-V (according to the description of annexin-V kit), and
then analyzed by flow cytometry.

TUNEL
SGC-7901 cells were added to 6-well plates with cover glass-
slides at 6×104 cells/well, after incubated with oxaliplatin or
oxaliplatin plus AC-DEVD-CHO at different oxaliplatin
concentrations of 0 to 10 mg/L and fixed in 40 g/L formaldehydum
polymerisatum for 1 h. After washed in 0.01 mol/L PBS twice,
the cells were treated with reaction buffer, labeled with
fluorescein dUTP in a humid box for 1 hour at 37 , then
combined with anti-fluorescein antibody, colorized with
NBT/BCIP. Cells were visualized with light microscopy. The
apoptotic index (AI) was calculated as follows: AI = (number of
apoptotic cells/total number) ×100%.

RT-PCR
Total RNA was extracted from cells using an RNA extraction
reagent, TR IZOL (Life Technologies, USA), according to
standard acid-guanidium-phenol-chloroform method[17]. About
4 µg of total RNA as reversely transcribed at 42  for 60 min in
a total of 30 µL reaction volume using  a first-strand cDNA
synthesis kit (Boehringer Mannheim, Germany). cDNA was
incubated at 95  for 5 min to inactivate the reverse transcriptase,
and served as template DNA for 28 rounds of amplification
using the GeneAmp PCR system 2400 (Perkin-Elmer Applied

Biosystems, CA, USA). PCR was performed in a standard 25 µL
reaction mixture consisting of 1.5 mmol/L magnesium chloride
(pH 8.3), 2.5 mmol/L dNTPs, 12.5 pmoL each of sense and
antisense primers and 2.5 U of Taq DNA polymerase (M BI,
Canada). Amplification was performed for 1 min at 94 , for
1 min at 62  and for 1 min at 72  after heat-start for 5 min.
Finally, an additional extension step was carried out for 10 min
at 72 . As control, the DNA template of Caspase-3 was replaced
by that of β-actin in the reaction. The amplification products
were separated on 12 g/L agarose gels and visualized by ethidium
bromide staining. PCR primers for Caspase-3 were as follows:
forward primer, 5’- ATG GAG AAC ACT GAA AAC TCA -3’;
reverse primer , 5’- TTA GTG ATA AAA ATA GAG TTC -3’:
according to the Caspase-3 gene structure in GeneBank. An
834 bp PCR product of Caspase-3 and a 315 bp product of
β-actin were obtained.

Statistical analysis
The difference between each two groups was analyzed by
ANOVA. P<0.05 was considered statistically significant.

RESULTS
Clinical results
Nine cases achieved objective responses (including 1 complete
response and 8 partial responses), the response rate was 40.9%
progression-free survival (PFS) 4.2 mo, and total survival time
7.2 mo. The rate of accumulative neurotoxicity, vomiting and
diarrhea, bone marrow depression was 93.5%, 20% and 32.9%,
respectively (Table 1).

Inhibitory effect of oxaliplatin on SGC-7901
Taking the means of data from MTT assay, we got a smooth
inhibition curve, which was a typical inverse ‘S’, and the IC50

was calculated to be 0.71 mg/L by GrapHpaol Prism software
(Figure 1). The inhibition of L-OHP on SGC-7901 cell line was
typically dose dependent. A maximal inhibitory rate reached
85.3%.

Figure 1  Relationship between SGC-7901 cell survival rate
and L-OHP concentration.

Apoptosis induced by L-OHP
We used transmission electron microscopy, TUNEL and

Table 1  Side effects of combined chemotherapy with oxaliplatin in treating stage IV gastric carcinoma (cycles, n = 102)

Side effects Anemia Neutropenia Thrombo-cytopenia  Nausea& vomiting Diarrhea Mucositis Dysaesthesia

       I     27         17   7         14    16        9        89

     II        7             6   3             6       3        1            6

     III        0             0   0             0       1        0            0

     IV        0             0   0             0       0        0             -

Incidence (%)       32.9         22.9 10         20    20     10         93.5
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Annexin-V labeling flowcytometry to quest for the mechanism
of its anti-neoplastic effect. After treatment of SGC-7901 cells
with oxaliplatin (0.1 mg/L) for 24 h, some cells showed apoptotic
characteristics including chromatin condensation, chromatin
crescent formation, nucleus fragmentation and apoptotic body
formation by transmission electron microscopy (Figure 2).
Apoptotic index was 0.38% in the control group. In the
experimental group, the apoptotic index determined by the
TUNEL method was 7.35% while receiving L-OHP 1mg/L
(slightly higher than IC50) for 4 h and 14.35% while increasing
the L-OHP concentration to 5 mg/L. As time went on, the
apoptotic index remained stable in the control group, and was
significantly increased in two experimental groups (0.5 mg/L
and 1 mg/L) which reached a peak of 7.93% and 10.15%,
respectively on the 4th d and decreased slightly on the 7th d.
The two experimental groups had a similar trend. We could
conclude that the increase in apoptotic index correlated with
the L-OHP concentration and time. The apoptotic level was
positively correlated with L-OHP at a concentration within
0-2.0 mg/L, as detected by Annexin-V labeling flowcytometry.
The apoptotic index reached a peak of 76.47% when the
concentration of L-OHP was 2 mg/L. On the contrary, the apoptotic
index dropped when the concentration reached 5 mg/L.

Figure 2  Oxaliplatin-induced apoptosis in SGC-7901 cells with
transmission electron microscopy. It shows apoptotic cells
with chromatin condensation, chromatin crescent formation,
nucleus fragmentation (×4 000).

Figure 3  Inhibitory effect of AC-DEVD-CHO on apoptosis
detected by TUNEL.

Figure 4  Effect of AC-DEVD-CHO on apoptosis at different
times detected by TUNEL.

Expression of Caspase-3 m-RNA
By means of RT-PCR, we detected an enhancement of Caspase-3

m-RNA expression (0.48±0.47 vs 0.18±0.20, P<0.05) induced
by L-OHP which was also in positive correlation with the
apoptotic level.

Role of activated Caspase-3 in apoptotic process induced by
oxaliplatin
AC-DEVD-CHO, a Caspase-3 specific inhibitor, could significantly
inhibit and delay apoptosis induced by L-OHP (Figures 3, 4).

DISCUSSION
Gastric carcinoma is one of the major causes of cancer morbidity
and mortality in China. The natural history shows a high
metastatic potential since many patients with gastric carcinoma
at advanced stage will relapse or initially present with metastasis.
One of the first issues solved by clinical research over the last
decade is the value of chemotherapy in the metastatic setting.
Indeed, chemotherapy has been shown to have a favorable
impact on survival and quality of life compared with supportive
care alone. However, in this disease some traditional
chemotherapy regimens were considered as poorly tolerated or
less effective[1-4]. Oxaliplatin is an innovative platinum compound
indicated as a first-line therapy in combination with 5-FU and
folinic acid for metastatic colorectal cancer[5-8]. Oxaliplatin has
a powerful anti-neoplasm competence, little cross drug
resistance with CDDP, a synergistic effect with 5-FU and a
satisfactory safety profile[9-11]. We replaced CDDP with oxaliplatin
in a traditional FLP protocol, trying to explore its anti-neoplasm
activity and side effects in treating advanced gastric carcinoma.
In 22 patients, 9 cases achieved objective responses (including
1 complete response and 8 partial responses), the overall
response rate reached 40.9%, PFS 4.2 mo, and overall survival
time 7.2 mo. The toxicity was tolerable, the rate of vomiting and
diarrhea (1 case with grade III diarrhea), bone marrow depression
was 20% and 32.9%, respectively. No alopecia and skin toxicity
were encountered. Although the incidence of accumulative
neurotoxicity was as high as 93.5%, all of them were grade I-II.
Acute symptoms manifesting as transient dysaesthesia and/or
paraesthesia of the extremities were commonly observed, their
occurrence was triggered or enhanced by exposure to cold.
No patient experienced pharyngolaryngeal dysaesthesia
characterized by a transient sensation of difficulty in breathing
or swallowing without any objective evidence of respiratory
distress, which was encountered during the multi-center
research in treating colorectal cancer after 9 cycles[12-14]. In
all the cases in this study, symptoms improved after treatment
discontinuation. It is suggested that oxaliplatin is effective and
well-tolerated in patients with stage IV gastric carcinoma.
     We chose human gastric cancer cell line SGC-7901 for
experimental study. First, we used MTT to prove if L-OHP
could inhibit SGC-7901 growth. using the means of our data
from the experiments, we obtained a smooth inhibition curve,
which was a typical inversed ‘S’. IC50 was 0.71 mg/L and the
maximal inhibitory rate reached 85.3%.The inhibition of L-OHP
on SGC-7901 cell line was typically dose dependent.
      Naturally occurring or programmed cell death can regulate
cell number, facilitate morphogenesis, remove harmful or
otherwise abnormal cells, and eliminate cells that have already
performed their functions during the life development as well
as in tissue homeostasis and aging. The role of apoptosis in
the process of carcinogenesis, development of cancer and
malignancy treatment has drawn more and more attention in
recent years[15-17]. In this study, we tried to evaluate the level of
apoptosis induced by oxaliplatin. Transmission electron
microscopy could reveal the changes of cell ultrastructure during
the apoptotic process. TUNEL assay is a traditional method for
detecting apoptosis, but its selectivity is poor. It could hardly
differentiate the apoptotic cells from the necrotic ones.
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Phosphatidylserine (PS) only exists in the cytoplasm side of
cell plasma membrane, and externalization of PS occurs in the
early stage of apoptosis. Annexin-V could specifically conjugate
to the PS to detect the apoptotic cells[18]. So we combined
traditional transmission electron microscopy and TUNEL assay
with relatively highly selective annexin-V labeling flowcytometry
to detect SGC-7901 cell line apoptosis induced by oxaliplatin.
After treatment of SGC-7901 cells with oxaliplatin, some cells
showed typical morphologic changes of apoptosis including
chromatin condensation, chromatin crescent formation, nucleus
fragmentation and apoptotic body formation under transmission
electron microscope, TUNEL assay showed the AI positively
correlated with drug concentration and treatment time. Annexin-
V-fluorescein labeling flowcytometry was much more sensitive
than TUNEL in detecting the early stage apoptosis. The apoptotic
level positively correlated with L-OHP at a concentration within
0-2.0 mg/L, as detected by annexin-V labeling flowcytometry.
The apoptotic index reached a peak, when the concentration of
L-OHP was 2 mg/L. On the contrary, the apoptotic index dropped
while the concentration reached 5 mg/L. To put these results
together, we believed that the induction of apoptosis played a
key role in inhibiting malignant cells at a low drug concentration
of L-OHP, and that cytotoxicity and apoptosis coexisted while
the drug concentration was high. This discovery may provide
a theoretical basis for this type of treatment.
     The discovery of cytosolic aspartate-specific proteases,
called Caspases, which are responsible for the deliberate
disassembly of a cell into apoptotic bodies, brings the fresh air
to the research of malignant cell apoptosis. The Caspase family
is big and dozens of family members interact with each other to
promote or inhibit the process of apoptosis. Caspases are present
as inactive pro-enzymes, most of which are activated by proteolytic
cleavage. There are two pathways of Caspase activation, namely
the cell surface death receptor pathway and the mitochondria-
initiated pathway. In the cell surface death receptor pathway,
activation of Caspase-8 following its recruitment to the death-
inducing signaling complex (DISC) is the critical event that
transmits the death signal. This event is regulated at several
different levels by various viral and mammalian proteins.
Activated Caspase-8 can activate downstream Caspases, such
as Caspase-3 by direct cleavage or by indirectly cleaving bid
and inducing cytochrome C release from the mitochondria. In
the mitochondrial-initiated pathway, Caspase activation is
triggered by the formation of an Apaf-1/cytochrome C complex
that is fully functional in recruiting and activating proCaspase-9.
Activated Caspase-9 will then cleave and activate downstream
Caspases such as Caspase-3, -6, and -7[19-23]. So we can find
out that Caspase-3 locates in the downstream of the Caspase
cascade. The proteolytic activation of Caspase-3 has been found
to play a key role in apoptotic process[24-26]. Caspase-3 may
then cleave vital cellular proteins or activate additional Caspases
by proteolytic cleavage. In this study, we detected an enhancement
of Caspase-3 m-RNA expression induced by oxaliplatin by
means of RT-PCR. Caspase-3 m-RNA expression was also
positively correlated with the apoptotic level. AC-DEVD-CHO,
a Caspase-3 specific inhibitor, could significantly inhibit and
delay apoptosis induced by oxaliplatin. Taken together, we
believe that Caspase-3 synthesis and activation play a key role
in the apoptotic process of SGC-7901 cell line induced by
oxaliplatin.
      Our research demonstrates that oxaliplatin is effective and
well tolerable in treating gastric cancer. Inducing cancer cell
apoptosis may be one of the anti-neoplasm mechanisms. This
apoptosis may be mediated by up-regulation of Caspase-3
synthesis and activation. The efficacy and safety profile of
oxaliplatin as a chemotherapeutic drug in combined anti-gastric
carcinoma chemotherapy regimen should be further confirmed
by double blind multi-center clinical studies.

REFERENCES
1 Cascinu S, Scartozzi M, Labianca R, Catalano V, Silva RR,

Barni S, Zaniboni A, D’Angelo A, Salvagni S, Martignoni G,
Beretta GD, Graziano F, Berardi R, Franciosi V. High curative
resection rate with weekly cisplatin, 5-fluorouracil, epidoxorubicin,
6S-leucovorin, glutathione, and filgastrim in patients with lo-
cally advanced, unresectable gastric cancer: a report from the
Italian Group for the Study of Digestive Tract Cancer (GISCAD).
Br J Cancer 2004; 90: 1521-1525

2 Park YH, Ryoo BY, Choi SJ, Kim HT. A phase II study of
capecitabine and docetaxel combination chemotherapy in pa-
tients with advanced gastric cancer. Br J Cancer 2004; 90:
1329-1333

3 Yamamura Y, Kodera Y, Tanemura H, Oshita H, Miyashita K,
Fujimura T. A phase I study of combination chemotherapy
using TS-1 and pirarubicin (THP) for advanced gastric cancer.
Gan To Kagaku Ryoho 2004; 31: 361-365

4 Ramos-De La Medina A, Salgado-Nesme N, Torres-Villalobos
G, Medina-Franco H. Clinicopathologic characteristics of gas-
tric cancer in a young patient population. J Gastrointest Surg
2004; 8: 240-244

5 Braun AH, Achterrath W, Wilke H, Vanhoefer U, Harstrick A,
Preusser P. New systemic frontline treatment for metastatic
colorectal carcinoma. Cancer 2004; 100: 1558-1577

6 Santini D, Massacesi C, D’Angelillo RM, Marcucci F, Campisi
C, Vincenzi B, Pilone A, Bianco V, Bonsignori M, Tonini G.
Raltitrexed plus weekly oxaliplatin as first-line chemotherapy
in metastatic colorectal cancer: a multicenter non-randomized
phase ii study. Med Oncol 2004; 21: 59-66

7 Di Leo A, Buyse M, Bleiberg H. Is overall survival a realistic
primary end point in advanced colorectal cancer studies? A
critical assessment based on four clinical trials comparing fluo-
rouracil plus leucovorin with the same treatment combined
either with oxaliplatin or with CPT-11. Ann Oncol 2004; 15:
545-549

8 Link K, Happich K, Schirner I, Jungert B, Bruckl V, Mannlein
G, Bruckl WM, Merkel S, Gohl J, Hohenberger W, Hahn EG,
Wein A. Palliative second-line treatment with weekly high-
dose 5-fluorouracil as 24-hour infusion and folinic acid (AIO)
plus oxaliplatin after pre-treatment with the AIO-regimen in
colorectal cancer (CRC). Anticancer Res 2004; 24: 385-391

9 Arnould S, Hennebelle I, Canal P, Bugat R, Guichard S. Cellu-
lar determinants of oxaliplatin sensitivity in colon cancer cell
lines. Eur J Cancer 2003; 39: 112-119

10 Marchetti P, Galla DA, Russo FP, Ricevuto E, Flati V, Porzio
G, Ficorella C, Cifone MG. Apoptosis induced by oxaliplatin in
human colon cancer HCT15 cell line. Anticancer Res 2004; 24:
219-226

11 Ravaioli A, Marangolo M, Pasquini E, Rossi A, Amadori D,
Cruciani G, Tassinari D, Oliverio G, Giovanis P, Turci D,
Zumaglini F, Nicolini M, Panzini I. Bolus fluorouracil and leu-
covorin with oxaliplatin as first-line treatment in metastatic
colorectal cancer. J Clin Oncol 2002; 20: 2545-2550

12 Chiara S, Nobile MT, Gozza A, Taveggia P, Heouaine A,
Pastrone I, Percivale PL, Lionetto R, Sanguineti O, Rosso R.
Phase II study of weekly oxaliplatin and high-dose infusional
5-fluorouracil plus leucovorin in pretreated patients with meta-
static colorectal cancer. Anticancer Res 2004; 24: 355-360

13 Lehky TJ, Leonard GD, Wilson RH, Grem JL, Floeter MK.
Oxaliplatin-induced neurotoxicity: acute hyperexcitability and
chronic neuropathy. Muscle Nerve 2004; 29: 387-392

14 Cavaletti G, Petruccioli MG, Marmiroli P, Rigolio R, Galbiati S,
Zoia C, Ferrarese C, Tagliabue E, Dolci C, Bayssas M, Griffon
Etienne G, Tredici G. Circulating nerve growth factor level
changes during oxaliplatin treatment-induced neurotoxicity in
the rat. Anticancer Res 2002; 22: 4199-4204

15 Onizuka S, Kawakami S, Taniguchi K, Fujioka H, Miyashita
K. Pancreatic carcinogenesis: apoptosis and angiogenesis. Pan-
creas 2004; 28: 317-319

16 Correa P. The biological model of gastric carcinogenesis. IARC
Sci Publ 2004; 157: 301-310

17 Schrenk D, Schmitz HJ, Bohnenberger S, Wagner B, Worner
W. Tumor promoters as inhibitors of apoptosis in rat hepatocytes.
Toxicol Lett 2004; 149: 43-50

2914             ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    October 1, 2004   Volume 10   Number 19



18 Kim SJ, Kim JE, Moon IS. Paraquat induces apoptosis of cul-
tured rat cortical cells. Mol Cells 2004; 17: 102-107

19 Del Bello B, Valentini MA, Comporti M, Maellaro E. Cisplatin-
induced apoptosis in melanoma cells: role of caspase-3 and
caspase-7 in Apaf-1 proteolytic cleavage and in execution of
the degradative phases. Ann N Y Acad Sci 2003; 1010: 200-204

20 Twiddy D, Brown DG, Adrain C, Jukes R, Martin SJ, Cohen
GM, MacFarlane MM, Cain K. Pro-apoptotic proteins re-
leased from the mitochondria regulate the protein composi-
tion and caspase-processing activity of the native Apaf-1/
caspase-9 apoptosome complex. J Biol Chem  2004; 279 :
19665-19682

21 Cain K. Chemical-induced apoptosis: formation of the Apaf-
1 apoptosome. Drug Metab Rev 2003; 35: 337-363

22 Del Bello B, Valentini MA, Mangiavacchi P, Comporti M, Maellaro
E. Role of caspases-3 and -7 in Apaf-1 proteolytic cleavage and
degradation events during cisplatin-induced apoptosis in mela-
noma cells. Exp Cell Res 2004; 293: 302-310

23 Jazirehi AR ,  Gan XH, De Vos S,  Emmanouil ides C,
Bonavida B. Rituximab (anti-CD20) selectively modifies Bcl-
xL and apoptosis protease activating factor-1 (Apaf-1) ex-
pression and sensitizes human non-Hodgkin’s lymphoma B
cell lines to paclitaxel-induced apoptosis. Mol Cancer Ther
2003; 2: 1183-1193

24 Dong ML, Zhu YC, Hopkins JV. Oil A induces apoptosis of
pancreatic cancer cells via caspase activation, redistribution of
cell cycle and GADD expression. World J Gastroenterol 2003; 9:
2745-2750

25 Fu YG, Qu YJ, Wu KC, Zhai HH, Liu ZG, Fan DM. Apoptosis-
inducing effect of recombinant Caspase-3 expressed by con-
structed eukaryotic vector on gastric cancer cell line SGC7901.
World J Gastroenterol 2003; 9: 1935-1939

26 Boulares AH, Ren T. Mechanism of acetaminophen-induced
apoptosis in cultured cells: roles of caspase-3, DNA fragmen-
tation factor, and the Ca2+ and Mg2+ endonuclease DNAS1L3.
Pharmacol Toxicol 2004; 94: 19-29

Edited by Wang XL  Proofread by Zhu LH and Xu FM

Lin WL et al. Oxaliplatin on gastric carcinoma                           2915



PO Box 2345, Beijing 100023, China                                                                                                                                                                  World J Gastroenterol  2004;10(19):2916-2918
Fax: +86-10-85381893                                                                                                                                                                                                                                 World Journal of Gastroenterology
E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                   Copyright © 2004 by The WJG Press ISSN 1007-9327

• BRIEF REPORTS •

A new method of preventing bile duct injury in laparoscopic

cholecystectomy

Fang Xu, Cheng-Gang Xu, De-Zheng Xu

Fang Xu, Cheng-Gang Xu, De-Zheng Xu, Department of General
Surgery, Hangzhou Second Hospital, Hangzhou 310015, Zhejiang
Province, China
Correspondence to: Fang Xu, Department of General Surgery,
Hangzhou Second Hospital, Hangzhou 310015, Zhejiang Province,
China.  xufangsurg@zj165.com
Telephone: +86-571-88303636    Fax: +86-571-88021730
Received: 2003-12-12    Accepted: 2004-02-01

Abstract

AIM: Of all the complications of laparoscopic cholectecystomy,
bile duct injury (BDI) is the most serious complication. The
prevention of injury to the common bile duct (CBD) remains
a significant concern in laparoscopic cholecystectomy (LC).
Different kinds of methods have been advanced to avoid
this injury but no single method has gained wide acceptance.
Because of various limitations of current methodologies
we began a study using cold light illumination of the
extrahepatic biliary system (light cholangiography LCP) to
better visualize this area and thereby reduce the risk of
bile duct injury.

METHODS: Thirty-six patients with cholelithiasis were
divided into two groups. Group I (16 cases) received LCP
and group II (20 cases) received methelenum coeruleum
cholangiography (MCCP). In group I cold light was used to
illuminate the common bile duct by leading an optical fiber
into the common duct with a duodenoscope at the time of
LC. The light coming from the fiber in the CBD could clearly
illuminate the location of CBD and hepatic duct establishing
its location relative to the cystic duct. This method was
compared with the dye injection technique using methelenum
coeruleum.

RESULTS: In group I thirteen cases were successfully
illuminated and three failed. The cause of three failed cases
was due to the difficulty in inserting the fiber into the ampulla
of Vater. No complications occurred in the thirteen successful
cases. In each of these successful cases the location of the
common and hepatic ducts was clearly seen differentiating
the ductal system from surrounding anatomy. In ten cases
both the left and right hepatic ducts could be seen and in
three only the right hepatic ducts were seen. In four of the
thirteen cases, cystic ducts were also seen.  In group II,
eighteen of the twenty cases were successful. The location
of extrahepatic ducts became blue differentiating the ductal
system from surrounding anatomy. Two cases failed due
to a stone obstructing the cystic duct, and extravisation of
the dye turned the entire area blue. LCP showed the
common and hepatic ducts more clearly than MCCP.

CONCLUSION: LCP is the only technique that can clearly
and directly show the location of the extrahepatic biliary
system and may be useful in selecting cases of uncertain
anatomy in the prevention of bile duct injury.

Xu F, Xu CG, Xu DZ. A new method of preventing bile duct

injury in laparoscopic cholecystectomy. World J Gastroenterol
2004; 10(19): 2916-2918
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INTRODUCTION
Bile duct injury continues to be one of the most serious
complications of LC. The principal cause is the difficulty in
recognition of the junction of the cystic duct to the hepatic
duct. A number of methods have been advanced to avoid this
error but no single method has gained wide acceptance. From
March 2001 to October 2003 we used LCP for illumination of
the biliary system in 36 cases and believe it is quite useful.

MATERIALS AND METHODS
Patients
Thirty-six patients with cholelithiasis, including 16 males and
20 females aged 41 to 66 years (mean age: 56 years) were selected
for the procedure and divided into two groups. Group I (16
cases) received LCP and group II (20 cases) received MCCP.

Materials
Laparoscopic equipments were produced by Stryker and
duodenoscopes with a channel diameter of 3.5 cm and 4.2 cm
respectively were from Olympus. Optical fibers were specially
produced according to our own design.

Methods
All patients drank 500 mL 100 g/L mannitol 15 h before operation
and were fasted during this period. All cases received general
anesthesia. In group I, Calot’s triangle was dissected carefully
and the relationship of the cystic duct to the hepatic and
common bile ducts was noted. Duodenoscope was then
introduced and the optic fiber was advanced into the common
duct. When the light was turned on, the extra hepatic ducts were
clearly seen. In group II, instead of placing the duodenoscope, a
needle guided with the laparoscope was percutaneously
punctured into the gall bladder. Five mL of bile was aspirated
from the gall bladder. After that 5 mL of MCCP dye was injected.
The bile ducts became blue.

RESULTS
In group I, thirteen cases were successfully illuminated and
three failed. The cause of three failed cases was due to the
difficulty in inserting the fiber into the ampulla of Vater. The
time required for this examination ranged from 15 to 100 min
with a median time of 35 min. No complications occurred in the
thirteen successful cases. In each of these cases, the location
of the common and hepatic ducts was seen clearly differentiating
the ductal system from surrounding anatomy. In ten cases both
the left and right hepatic ducts could be seen and in three only
the right hepatic ducts were seen. In four of the thirteen cases,
the cystic ducts were also seen. In two cases the ducts were
clearly seen in spite of considerable fat over Calot’s triangle.
     In group II, eighteen of the twenty cases were successful.



The extrahepatic duct became blue differentiating the ductal
system from surrounding anatomy. Two cases failed due to a
stone obstructing the cystic duct, and extravisation of the dye
turned the entire area blue.

DISCUSSION
Prevention of injury to the ductal system continues to be a
matter of considerable concern of surgeons performing
laparoscopic cholecystectomy. The accurate incidence of bile
duct injury (BDI) during laparoscopic cholecystectomy (LC) is
not known[1]. The principal causes of CBD in LC are the
uncertain anatomy and the laparoscopic view that is quite
different from open cholecystectomy. A few methods have been
practiced, e.g. using 30° laparoscope, applying three dimensional
laparoscope and inserting laparoscope through the right side
of umbilicus were used. Greater efforts have been concentrated
on dealing with the uncertain anatomy. The key point continues
to be how to best identify the anatomy and thereby avoid
injury. Currently the primary means of preventing injury resulted
from uncertain anatomy include careful dissection, the judgment
of an experienced surgeon, conversion to open cholecystectomy
and intraoperative cholangiography (IOC).
     The major causes of uncertain anatomy are anatomic
variation and unclear anatomy. Kurumi et al.[2] classified
confluent forms of the cystic duct and the bile duct into five
different types, including four abnormal types. Sixteen instances
(3.13%) of anatomic variation of the biliary tract were found
among 511 patients, and four cases (4.35%) were found in 92
cadavers. Anatomic variation of the biliary tract is both common
and complicated and can create a pitfall during laparoscopic
cholecystectomy. Unclear anatomy resulted from inflammation
and adhesion at Calot’s triangle is an important factor associated
with injury[3-5]. The judgment of an experienced surgeon[1,4,6]

and conversion from laparoscopic to open cholecystectomy[5,7]

are now considered the primary means of preventing bile duct
injury resulted from uncertain anatomy. Unfortunately these
means do not always work effectively. Injuries are likely to
occur despite better procedures and increased experience[4].
Calvete et al. believed that no relation could be found between
the experience of surgeons and the number of BDI over different
periods of time[8]. Therefore, BDI during LC can not be attributed
solely to the learning curve. One approach is to convert to
open cholecystectomy when the anatomy is uncertain. But
even open cholecystectomy can not avoid CBD injury due to
the uncertain anatomy. Yang et al.[9] reported iatrogenic
extrahepatic bile duct injury in 182 patients. Bile duct injury
occurred in 152 patients during open cholecystectomy and in
30 patients during laparoscopic cholecystectomy. The incidence
of BDI after LC was similar to that in the open procedure[1].
      Cautious dissection is necessary and essential to prevent
BDI in LC[4,6,10-12]. Illegible anatomy often poses dissection
difficultly to operators and rends them quite helpless. Surgeons
are seeking assisting measures to help them identify the
anatomy during LC. Some surgeons recommended that IOC be
attempted on all patients undergoing LC. They deemed that
the routine use of IOC during laparoscopic cholecystectomy
could not prevent bile duct injuries, but minimized the extent of
the injuries so that they could be repaired easily, thus decreasing
the rate of BDI[13-16]. But its routine use during LC remains
controversial. Routine IOC yields very little useful clinical
information compared to selective policies. A large number of
unnecessary IOC were performed under routine IOC policy,
and therefore a selective policy has been advocated[17]. IOC
depends on the radiopaque dye introduced into the ductal
system via the cystic duct and displayed by either a static film
or fluoroscopy which does not always identify the relationship
of the ductal system to adjacent anatomy. The primary purpose

of IOC is to identify anatomy and any aberration as well as to
identify stones. The image of IOC obtained from static film or
fluoroscopy is completely different from that obtained from the
monitor and can not really tell where the cystic duct or common
bile duct is. The information afforded by IOC can only help
operators realize if there are continuity, stones, tumor and injury
of the ducts but can not help them dissect easily and safely.
Thus it is of limited value during dissection of the area.
Nevertheless it has become the most common method of
visualizing the area.
      The use of MCCP has been advocated by Xu et al.[18]. This
technique does give a direct image but it is blurry. A mixture is
got by injecting methylenum coeruleum into gall bladder. The
color of the mixture is close to that of the tissue surrounding
the extrahepatic duct, so that the bile ducts can not be identified
clearly. The image is even more indistinct when there is much
fatty tissue over the ducts. If there is extravasation, the entire
area turns blue making dissection more difficult since the dye
is not easily washed away. CBD does not keep the dye long
enough. The dye diluted by the bile flows into duodenum soon,
so that the operator can not observe Calot’s triangle repeatedly.
Finally, the procedure can not be used if the duct is blocked by
a stone.
      Because of these limitations of current methodologies, we
advocated the new method of direct illumination of the
extrahepatic ductal system (LCP). By adjusting the optic fiber,
it can go into right or left hepatic duct and cystic duct. The
movement of the fiber must be slow and soft. It is not very easy
sometimes to insert the fiber into cystic duct for the duct may
pass behind the common hepatic duct to enter on its posterior
wall or on its left lateral aspect. If the inserting was difficult, we
gave the attempt up in case that the duct wall was injured by
the fiber. We do not think the illumination of cystic duct is
absolutely necessary. The important thing is to know the
locations of CBD and common hepatic duct, though the
illumination of cystic duct may make the image of Calot’s triangle
appear completely.

Table 1  Comparison between group I and group II

Group I                Group II
  (n=16)                   (n=20)

Examine method     LCP                     MCCP
Examine time (min)

Range   15-100          5-10

Median       35                            7
Examination cost     $ 200           $ 5

Image     direct                    direct
Legibility     clear                      blurry
Observed time  unlimited                limited

       Additional observations we made during this study revealed
the importance of releasing any adhesions in the area of the
ductal system to straighten the ductal system out facilitating
the introduction of the optical fiber. The initial dissection of
the ductal system along with our observations as to the probable
location of the various elements was also helpful. In our opinion
it is best to keep the optical fiber in the right hepatic duct until
the dissection of the gall bladder and cystic duct is completed.
This is particularly true in the occasional case when the cystic
duct comes off the right hepatic duct. We do not feel routine
LCP examination of the ductal system is indicated but in
selected cases. The examination with LCP is extremely
rewarding and not terrifically difficult in any hospital where the
intraoperative endoscopic retrogarde cholangiopancreatography
(ERCP) is practiced. As far as the cost is concerned, the increase
is quite acceptable (Table 1). Of course, if there is any reason
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for intraoperative ERCP to be done, it can be easily accomplished
during LCP, though it needs not to be done as a routine. LCP
can not help operators realize if there are continuity, stones,
tumor and injury of the ducts. When the forgoing conditions are
suspected, cholangiography should be done with intraoperative
ERCP.
      LCP is currently the most effective way to directly observe
the extrahepatic ductal system during laparoscopic cholecystectomy
and may play a useful role in clarifying uncertain anatomy in
selected cases. As a useful assisting measure, it plays an
important role in preventing extrahepatic duct injury in LC.
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Abstract

To present a patient diagnosed with pancreatic carcinoid
that was extremely rare and produced an atypical carcinoid
syndrome. We reported a 58-year old male patient who
presented with long standing, prominent cervical
lymphadenopathy and occasional watery diarrhea.
Pathohistological and immunohistochemical examination
of lymph node biopsy showed a metastatic neuroendocrine
tumor, which was histological type A of carcinoid (EMA+,
cytokeratin+, CEA-, NSE+, chromogranin A+, synaptophysin+,
insulin-). Bone marrow biopsy showed identical findings.
Primary site of the tumor was pancreas and diagnosis was
made according to cytological and immunocytochemical
analysis of the tumor cells obtained with aspiration biopsy
of pancreatic mass (12 mm in diameter) under endoscopic
ultrasound guidance. However, serotonin levels in blood
and urine samples were normal. It is difficulty to establish
the precise diagnosis of a “functionally inactive” pancreatic
carcinoid and aspiration biopsy of pancreatic tumor under
endoscopic ultrasound guidance can be used as a new
potent diagnostic tool.

Marisavljevic D, Petrovic N, Milinic N, Cemerikic V, Krstic M,
Markovic O, Bilanovic D. An unusual presentation of “silent”
disseminated pancreatic neuroendocrine tumor. World J
Gastroenterol  2004; 10(19): 2919-2921
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INTRODUCTION
In 1907, Obendorfer applied the term “karzinoide” to describe a
set of ileal tumors that behaved in a more benign manner than
carcinomas. Since then, carcinoid tumors have been found to
be relatively uncommon neuroendocrine tumors arising from
neural crest cells known as “amine precursor uptake and
decarboxylation cells” (APUD), which are derived from gut
endoderm. Recent consensus meetings suggested that a more
appropriate term “neuroendocrine tumor” should be used for
all endocrine tumors of the digestive system, because these
tumors derive from the diffuse neuroendocrine system[1].
Pancreas, mucosa of the gastrointestinal tract[2] and endocrine
cells scattered in other endodermal sites (such as thyroid, lung,
biliary tree and the urogenital tract) belong to APUD system.
Neuroendocrine tumors can be subclassified into those with or
without clinical syndromes and are termed “functionally active”
and “functionally inactive” pancreatic carcinoid, respectively[3].

Carcinoid of the pancreas is extremely rare and the diagnosis
may puzzle physicians and pathologists[4]. Pancreatic carcinoids
produce an atypical carcinoid syndrome, skin flushing was
reported in only 34%, the main symptom is pain, followed by
diarrhea and weight loss.
    We hereby described a patient with disseminated
“functionally inactive” neuroendocrine tumor who presented
with lymph node metastases, but without characteristic
symptoms of carcinoid syndrome. The primary site of the tumor
was pancreas.

CASE REPORT
A 58-years old male was admitted to Hematology Department
in June 2001 with complaint of a left anterior neck mass and
occasional massive, watery diarrhea. The patient noticed slow
enlargement of neck mass for two years prior to admission, and
also stated that in the last 12 mo he had episodes of diarrhea 1-
2 times/wk. Diarrhea was massive and watery (up to 1 L/d)
without visible blood or mucous and usually self-limited.
Diarrhea was not associated with abdominal pain, tenesmus or
with food intake. He lost 5 kg in 3-4 mo, inspite of good appetite.
His previous medical history was unremarkable. Physical
examination showed a left anterior neck mass (7 cm×6 cm in
diameter), painless and movable in all directions. Chest X-ray
showed paratracheal infiltrate. On bronchoscopy, external
compression on posterior and lateral tracheal walls was seen.
CT of chest showed enlarged mediastinal lymph nodes (up to
40 mm). CT of abdomen showed an enlarged pancreatic head
(46 mm) with a mild hypodense area (12 mm in diameter).
Pathohistological findings of tissue samples from the neck
tumor (cuneiform biopsy) and bone marrow (trephine biopsy)
were identical, namely a metastatic neuroendocrine tumor, which
was histological type A of carcinoid. Immunophenotyping of
cells from the neck tissue sample showed well-differentiated
neuroendocrine tumor (APUDOMA) that was immunostained
as follows: EMA+, cytokeratin 8+, CEA-, NSE+, chromogranin
A+, synaptophysin+, insulin-. In an effort to find the primary
site of APUDOMA, esophagogastroduodenoscopy, endoscopic
enteroscopy, colonoscopy, small bowel barium enema, radial
endoscopic ultrasound (radial EUS - Olympus device) were
done (Figure 1). Ultrasound (linear EUS) guided aspiration biopsy
of the pancreatic mass was performed (Figure 2). Cytological
examination showed solid nodular nests of small uniform,
epitheloid cells of dense heterochromatin. Immunocytochemical
analysis revealed groups of epithelial cells with positive
cytoplasmatic staining on NSE and chromogranin A that implied
on tumor with neuroendocrine differentiation (Figure 3).
Pathohistological examination of aspiration liver biopsy was
normal, excluding possible liver micro-metastasis. To exclude
MEN syndrome, X-ray and MRI of sellar region as well as
thyroid US were done and all tests were normal. On 2D
ultrasound the right heart was anatomically and functionally
within normal limits. Blood count and biochemistry were normal
except for occasional hypokalemia and mild hypoproteinaemia
(with proportional decrease in all electrophoresis fractions).
CEA was significantly increased (535.5 ng/mL), but pancreatic
tumor marker (CA 19-9) and alpha-feto protein were within normal
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limits. Serotonin level in blood and urine was normal (0.25 mmol/L
and 359 mmol/24 h, respectively). 5-HIAA in the urine sample
was increased (84 µmol/L, reference range: 10.4-41.6 µmol/L).
Periodical diarrhea was controlled with loperamid and oral
potassium supplementation. During hospitalization, patient
developed urinary retention. Rectal examination and US
revealed a prostatic adenoma (size 44 mm×54 mm×54 mm, 60 g
weight) with normal values of prostate serum antigen. Transvesical
adenectomy was performed, and pathohystologic findings
confirmed it to be an adenoma. Postoperative period was
complicated with prolonged wound healing and vesicodermal
fistula. The patient also had changes of mental status, but CT
of the head did not show any abnormalities. The patient was
regularly followed up. In December 2001 he was doing well, still
complaining of frequent diarrhea and minimal enlargement of the
neck mass. Blood tests continued to show hypoproteinemia and
hypokalemia, easily controlled with potassium supplementation.
However, the patient died in January 2002 at home. His family
recorded no particular circumstances related to his death.

Figure 1  Pancreatic mass (radial endoscopic ultrasound,
Olympus device).

Figure 2  Ultrasound (linear EUS) guided aspiration biopsy of
the pancreatic mass.

DISCUSSION
Functionally active neuroendocrine tumors are presented with
clinical symptoms because of excessive hormone release from
the tumor cells as in insulinoma, gastrinoma, VIPoma,
glucagonoma and carcinoid syndrome[5]. Carcinoid tumors,
except those originating from rectum, produced a variety of
endocrine substances, the most frequent one was serotonin
and kallikrein[6-8]. Carcinoid syndrome that includes diarrhea,
flushing, wheezing, and right-sided heart disease[9] is caused
by systemic serotonin release. Less than 10% of carcinoids
had some of these symptoms[10]. Explanation is efficient hepatic
metabolism of vasoactive amines, and that is also the reason
why carcinoid syndrome rarely occurred in the absence of liver
metastasis. Exceptions are circumstances in which venous
blood from a large tumor was drained directly into systemic
circulation[11].
    Functionally inactive neuroendocrine tumors can be
diagnosed in several ways: a) accidentally during routine
ultrasonography performed for unexplained abdominal
complaints, b) when a large tumor of the pancreatic head is
causing obstruction and consequently extrahepatic jaundice, c)
when a patient presents with abdominal pain secondary to
bowel pseudo-obstruction, and d) as complications of the
tumor such as bleeding. Our patient had occasional diarrhea
that was not significant (less than 1L per day). Besides he had no
other symptoms, and his blood tests failed to show any endocrine
abnormalities. Histopathological and imunohistochemical
analyses of the tissue sample from the neck mass showed a
well-differentiated neuroendocrine tumor, which was
histological type A of carcinoid (APUDOMA). At the time of
diagnosis, metastatic disease of cervical and mediastinal lymph
nodes, and bone marrow already existed which was confirmed
by histopathological finding. Aspiration liver biopsy was done
to exclude micro-metastases, that otherwise could not be
visualized by imaging methods, and the result was negative.
Primary site of the tumor was unknown. Because the most
frequent localization of carcinoid was in the gastrointestinal
tract, it was explored in whole, but primary tumor was not found.
Aspiration biopsy of the pancreatic mass under endoscopic
ultrasound guidance was done for the first time in Yugoslavia.
Immunocytochemical report confirmed that the pancreatic mass
was the primary site that only occurred in 2-3% of all cases[4,12,13].
Also, carcinoid tumors up to 1 cm rarely metastaze, but that
was not the case with our patient.
      The slow growth rate and late invasion of adjacent organs
rendered local resection of pancreatic carcinoid tumor possible,
but the high incidence of distant metastases (69%) prevented
long-term survival in the majority of patients[4]. Diarrhea with
hypokalemia and hypoproteinemia, as a manifestation of
carcinoid syndrome in this case could be explained by increased
release of vasoactive substances most probably from the

Figure 3  Groups of epithelial cells with positive cytoplasmic staining on chromogranin (A) and NSE (B) (immunocytochemical
analysis).
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extensive metastasis in the bone marrow, and lymph nodes.
However, these metabolic abnormalities were well controlled
and could not be the main cause of his death.
       In summary, atypical presentation in this and other reported
cases of pancreatic carcinoids suggests that metastatic potential
of functionally inactive neuroendocrine cells is originated from
the pancreas.
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To the Editor:
In a May-issue of the World Journal of Gastroenterology, there
is a very interesting study by Bruno et al. on erythropoietin
(EPO) levels in patients with chronic liver disease[1]. We have
very recently reported a similar, but much larger study by Tacke
et al.[2] on the role of EPO in chronic liver disease. By comparing
Bruno’s results with our patient cohort and applying their criteria
in a re-evaluation of our study population, we uncovered
interesting differences between the two studies and could answer
some of the key questions in the article raised by Bruno et al.,
e.g. on the correlation of EPO with liver dysfunction and potential
regulating factors in the clinical setting of liver cirrhosis.
      Therefore, we would like to briefly present our data and
compare the results with Bruno’s recent study. We think the
role of EPO is important in the pathophysiology of chronic
liver disease, and the recent studies provided new insights
into its regulation in liver cirrhosis.
       Chronic anemia is a common clinical complication in patients
with liver cirrhosis and is regarded as an important prognostic
factor[3]. The great progress in the understanding of cytokine
alterations in chronic liver diseases as well as the discovery
and clinical application of different hematopoietic growth factors
have raised attention to the potential pathophysiological role
of erythropoietin (EPO) in liver diseases[4,5]. In a recent issue of
the World Journal of Gastroenterology, Bruno et al. reported
that increased EPO plasma levels were only detected in cirrhotic
patients with hemoglobin concentrations below 12 g/dL and
that this EPO response was inadequate compared to patients
with iron-deficiency anemia[1]. Furthermore, the authors did
not observe an association between EPO levels and the stage
of liver cirrhosis or liver synthesis function. The regulating
factors in the pathophysiological setting of advanced liver
diseases as well as possible clinical consequences remained
an open question.
      We analyzed 111 patients with chronic liver diseases who
were evaluated for potential liver transplantation and 220 healthy
(non-anemic) controls with the same EPO ELISA (R&D Systems,
Wiesbaden, Germany) kit. In contrast to Bruno et al. who studied
mainly patients with viral hepatitis and advanced stages of
cirrhosis, our much larger cohort comprised all Child’s stages
of cirrhosis in a fairly equal number of patients as well as different
etiology subgroups. As we reported recently, EPO plasma levels

clearly increased with Child’s stage of liver cirrhosis, independent
of the disease etiology (Figure 1)[2]. EPO also correlated directly
with the markers of liver synthesis function, e.g. cholinesterase
activity (r = -0.448, P<0.001), albumin concentration (r = -0.358,
P<0.001), or prothrombin time (r = 0.300, P = 0.001). Interestingly,
the absolute values of measured EPO levels in Bruno et al. and
our studies were relatively similar (e.g. mean EPO 11.6 U/L for
chronic hepatitis by Bruno et al., median EPO 11.3 U/L for our
“non cirrhosis” group), thereby raising the question whether
the clear association between EPO and stage of liver cirrhosis
could have been observed if the number of patients included in
Bruno et al. study was high enough. Furthermore, it is hard to
believe that EPO was normally distributed in anemic or non-anemic
cirrhotic patients as the mean±SD values suggested by Bruno
et al., thus a different statistical analysis using median and U-test
could possibly uncover these important correlations.

Figure 1  Erythropoietin plasma levels and stage of cirrhosis.
EPO was significantly higher in patients with liver cirrhosis than
in healthy controls and increased with Child’s stages of cirrhosis.

      We also found a significant inverse correlation between
EPO levels and hemoglobin in patients with chronic liver
diseases (r = -0.498, P<0.001, Spearman rank correlation analysis).
As this was described by Bruno et al. only for patients with
iron-deficiency anemia, this correlation could not be observed
when we divided our liver disease patient group by the criteria
of Bruno et al. into so-called anemic or non-anemic patients
(hb 12, n = 48, vs hb>120 g/L, n = 63). However, in accordance
with Bruno et al., we also found significantly elevated EPO
levels in anemic vs non-anemic liver disease patients (median
EPO 29.3 vs 11.4 U/L, P<0.001, U-test). In contrast, the non-
anemic liver disease patients also had elevated EPO levels as
compared with controls (P<0.05), which could be possibly
explained by the much larger control group in our study.
      In further investigating the potential regulating factors, one
should consider the complex clinical picture of advanced liver
cirrhosis. As we could show, the degrees of anemia and liver
dysfunction not only were independent parameters associated
with elevated EPO in chronic liver disease, but also impaired
pulmonary function[2]. Changes in pulmonary function test and
blood gas analysis were commonly found in our study
population, and EPO was inversely correlated with carbon
dioxide tension (pCO2) and elevated in patients with reduced
(carbon monoxide) diffusion capacity. In addition, we noticed
a positive correlation between interleukin-6 and EPO, thereby
possibly linking the EPO response to a common protective
cytokine response usually seen in liver cirrhosis[6].
      In conclusion, the recent studies by Bruno et al. and our
group provide some new important insights in the regulation
of plasma EPO in chronic liver diseases. EPO plasma levels are
apparently upregulated in patients with liver cirrhosis, and one
might speculate whether this increase is sufficient in the setting
of chronic anemia when compared with other forms of anemia,

2922             ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    October 1, 2004   Volume 10   Number 19

○ ○

○ ○

○ ○

○ ○ ○

○ ○ ○

 

n =         220        18       35         44       14

80

60

40

20

0

E
ry

th
ro

p
o
ie

ti
n
 (

U
/I

)

0.002
<0.001

0.046 0.013
0.029

     7.0      11.3     15.6      20.3    26.5

P values

Median

Healthy

controls

No cirrhosis Child A Child B Child C

Liver patients: Stage of cirrhosis



e.g. iron-deficiency. However, the regulation of plasma EPO is
complex and multifactorial, and the degrees of anemia, liver
dysfunction, impaired pulmonary function and cytokine
alterations are the major factors in regulating plasma
erythropoietin in patients with chronic liver diseases.
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To the Editor:
I recently read the paper by Chen et al.[1] published in your
Journal. The paper shows that there have been a few cases
where medications have caused eosinophilia. Clozapine is an
antipsychotic medication that can cause eosinophilia. It is pointed
out in your paper “The diagnostic criteria included . . . 5), exclusion
of intestinal lymphoma, Crohn’s disease or other tumors.” Table
2 shows symptoms associated with eosinophilic gastroenteritis,
which are very like those in Crohn’s disease.
       Miss Z, a 29 years old female received a diagnosis of Crohn’s
disease five years ago. It seemed to be the more aggressive
fistulizing form of Crohn’s disease. The inflammation seemed

to be located in her colon. She had several perianal abscesses.
Miss Z took the antipsychotic, clozapine. Clozapine can cause
constipation, diarrhea[2-7], nausea[6,8], vomiting[3,6,8], allergic
reactions, etc. Clozapine has also been linked with colitis[5,14],
gastrointestinal symptoms[7], hepatotoxicity[12], eosinophilia[5,7,9],
neutropenia[5,6], colon perforation[13], necrotizing colitis[13], perianal
abscesses[9], and increased levels of TNF-alpha[10], etc.
    When Miss Z was growing up, she had no prodromal
symptoms that, even with the benefit of hindsight one might
be able to say, this was the beginning of Crohn’s disease. The
sickness and diarrhea started 32 d after the clozapine was titrated
to its full dose of 300 mg/d in November 1998.
     Tumor necrosis factor α (TNF α) is a proinflammatory
cytokine that has an important role in the pathogenesis of
Crohn’s disease. Infliximab-a chimeric anti-TNF α monoclonal
antibodybinds to TNF α with high affinity, thereby neutralising
its biological activity. Pollmacher et al.[10], found that clozapine
significantly increased the plasma levels of TNF-alpha.
     Miss Z responded very well to infliximab. Steroids
(prednisolone) had little effect on the symptoms. Stopping
clozapine was not an option unless we were to be reasonably
sure that it was responsible for causing or exacerbating the
inflammation in Miss Z’s colon.
      I am particularly interested in the effect of clozapine. If it
were to cause eosinophilia it might have effects on the colon. I
wondered if the symptoms of nausea, vomiting, etc, might
persist all the time when clozapine was taken.
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To the Editor:
I recently read the paper by Chen et al.[1] published in your
Journal. The paper shows that there have been a few cases
where medications have caused eosinophilia. Clozapine is an
antipsychotic medication that can cause eosinophilia. It is pointed
out in your paper “The diagnostic criteria included . . . 5), exclusion
of intestinal lymphoma, Crohn’s disease or other tumors.” Table
2 shows symptoms associated with eosinophilic gastroenteritis,
which are very like those in Crohn’s disease.
       Miss Z, a 29 years old female received a diagnosis of Crohn’s
disease five years ago. It seemed to be the more aggressive
fistulizing form of Crohn’s disease. The inflammation seemed
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Miss Z took the antipsychotic, clozapine. Clozapine can cause
constipation, diarrhea[2-7], nausea[6,8], vomiting[3,6,8], allergic
reactions, etc. Clozapine has also been linked with colitis[5,14],
gastrointestinal symptoms[7], hepatotoxicity[12], eosinophilia[5,7,9],
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abscesses[9], and increased levels of TNF-alpha[10], etc.
    When Miss Z was growing up, she had no prodromal
symptoms that, even with the benefit of hindsight one might
be able to say, this was the beginning of Crohn’s disease. The
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to its full dose of 300 mg/d in November 1998.
     Tumor necrosis factor α (TNF α) is a proinflammatory
cytokine that has an important role in the pathogenesis of
Crohn’s disease. Infliximab-a chimeric anti-TNF α monoclonal
antibodybinds to TNF α with high affinity, thereby neutralising
its biological activity. Pollmacher et al.[10], found that clozapine
significantly increased the plasma levels of TNF-alpha.
     Miss Z responded very well to infliximab. Steroids
(prednisolone) had little effect on the symptoms. Stopping
clozapine was not an option unless we were to be reasonably
sure that it was responsible for causing or exacerbating the
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To the Editor:
I was astonished to find this paper [Dong ML, Ding XZ, Collin
P, Adrian TE. Red oil A5 inhibits proliferation and induces
apoptosis in pancreatic cancer cells. World J Gastroenterol
2004; 10(1): 105-111] published in your journal. This has been
done without my knowledge or the other coauthor, Dr. Ding.
There are numerous errors. These include (1) the exclusion of
an important collaborating contributor; (2) the appearance that
the work was carried out in China, when it was actually carried
out at Northwestern University in Chicago; (3) an incorrect
name for the compound being used; (4) an incorrect company
name where the compound originated from. The following are
the correct information. The authors list should be: Dong ML[1],
Ding XZ[1], Collin P[2], Adrian TE[1]. The title should have been:
CR-A5 inhibits proliferation and induces apoptosis in pancreatic
cancer cells (the term oil A5 is meaningless; the product is
called CR-A5). The address where the work was carried out was:
1“Department of Surgery and Robert H. Lurie Comprehensive
Cancer Center, Northwestern Feinberg School of Medicine,
Chicago, IL” and 2“Coastside Research, Stonington, Maine”. The
funding sources that should have been acknowledged were:
The American Institute of Cancer Research, the RAPID Program
of the RAPID Program of the Chemoprevention Branch fo the
National Cancer Institute, the Michael Rolfe Foundation and
the Maine Technology Institute. Dr. Dong did carry out this
work in my laboratory with the help of others, however, we
never discussed where the work would be published and I
certainly did not sanction its publication in your journal. I
consider what Dr. Dong has done to be dishonest. Most journals
require the signature of all authors before a paper can be

accepted for publication, this would be a good policy for the
World Journal of Gastroenterology to adopt. More seriously,
regarding Dr. Dong, I have now found another paper that he has
published in your journal [Dong ML, Zhu YC, Hopkins JV. Oil
A induces apoptosis of pancreatic cancer cells via caspase
activation, redistribution of cell cycle and GADD expression.
 World J Gastroenterol 2003; (9): 2745-2750]. Again this paper
was published without my knowledge. The other authors are
unknown to me and the name John V. Hopkins appears to have
been fabricated. The contents of this paper have been almost
entirely plagiarized from a previous publication from a Medical
Oncologist, Dr. Xin-Quan Li who worked in my laboratory and
Xian-Zhong Ding in the laboratory (Li X, Ding XZ, Adrian TE.
 Aresenic trioxide induces apoptosis in pancreatic cancer cells
via changes in cell cycle, caspase activation, and GADD
expression. Pancreas 27: 174-179, 2003). More disturbingly, at
least some of the data have clearly been fabricated. The data in
Figure 5 of the World Journal of Gastrorenterology paper have
been entirely lifted from the arsenic trioxide data in Figures 6
and 7 in the Pancreas paper. Please find the enclosed MS
Powerpoint file where I have indicated the stolen data in red.
Furthermore, careful perusal of the data in Figures 3 and 7 has
been assembled in the computer by cutting and pasting sections
from different gels. Since some of the data have clearly been
fabricated this sheds doubt on all of the other findings in the
manuscript. I never saw the raw data for most of these
experiments and doubt that they were ever performed. I request
that this paper is immediately retracted from the journal with an
explanation published. I am sure you will want to do this for the
integrity of the journal. An internal committee will be set up at
Northwestern University to investigate this matter. I will attempt
to contact the Dean of Wenzhou Medical College to inform him
of this situation with one of his faculty. Since my NIH grant
number was also copied onto the WJG paper, I am informing the
NIH of this matter.  Please let me know if I should inform your
editorial board of what has happened. Finally, as you have
requested, I state that the contents of this letter represent my
viewpoints rather than those of the journal.

Apology to Dr. Thomas E. Adrian
After we received the letter of Dr Thomas E. Adrian, Dr Mi-Lian
Dong wrote a letter for Dr Thomas E. Adrian and the following is
the statement from Dr Mi-Lian Dong (the letter was provided by
Dr. Thomas E. Adrian). Statement from Dr Mi-Lian Dong for Dr
Thomas E. Adrian. From: Mi-Lian Dong (mdong2@hotmail.com).
Sent: Monday, June 28, 2004 8:54 AM. To: tadrian@northwestern.
edu. Subject: Dear Dr. Thomas Adrian, I don’t know how to
start this letter, but I have to face it. I can imagine your anger
and your disappointment for my unacceptable behavior. I feel
very sorry and apologize for what stupid things I did. When I
was in Chicago, my former supervisor-Dr. White from Lutheran
General Hospital, a very nice gentleman, took care of me and
introduced me to your lab.  In your Lab, you and Dr. Ding trained
me and I learned a lots new stuff, some I never heard before as a
clinician in China. I believe I worked very hard and did my best in
your lab to repay your generous help.  I never forget those
wonderful days. But now, I destroyed all those wonderful
memories. Dr. Thomas Adrian, I already sent a letter to the journal
to ask them to remove that article. Such stupid things never
happened in my 40 years life. I cannot sleep well and cannot
focus my daily work as a busy doctor. I took a few days off. I
believe I got punishment from this, but I accept it. It is
unforgettable lesson for my future life. But now, besides sorry
and regret, I really don’t know what else I can do. Again, I
apologize for what I did. Sincerely, Mi-Lian Dong.
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